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ABSTRACT 
The foraging strategies of cattle and goats were studied in different seasons in order 
to determine how animals respond to changes in the abundance of food resources in 
semi-arid rangelands in Zimbabwe. Three different approaches were used to test 
hypotheses concerning dietary shifts under different resource availability scenarios in 
the two species. 
In a field experiment, the foraging behaviour of cattle and goats responded to 
different cues in their environment: cattle were sensitive to changes in grass biomass 
while goats responded to browse. However, goats showed more flexibility in their 
response in changes in range condition by increasing the proportion of time spent on 
the more available resource. 
Similar results were found in an observational study of the foraging behaviour of 
goats and cattle in a communal area. Here the dry season strategy of goats consisted 
of increasing browsing and expanding their diet breadth, while cattle depended more 
on stover in the fields as a forage supplement in the dry season. Key resources such 
as grass on contour bunds, riverine areas and fallow fields were also important, at the 
large scale. 
In both the field experiment and the communal area study, cattle and goats had low 
diet overlap indices, particularly for browse because cattle avoided species with 
thorns and selected broad-leaved species. 
In general, cattle had higher instantaneous intake rates on grass than browse, but 
matched intake rates on grass when they browsed on broad-leaved species. Goats 
were equally efficient on grass and browse, and had higher intake rates per metabolic 
body weight than cattle. Instantaneous intake rate under controlled conditions 
predicted that cattle would select broad-leaved browse species in preference to 
species with small leaves and thorns. This concurs with the results of the cattle in a 
A 
field experiment and communal area study. The instantaneous intake rate of goats 
was only affected by a reduction in leaf density. 
Evaluation of range resources for sustainable animal production should take into 
account the animal species involved. Management interventions should be targeted at 
the dry season and key resource areas need to be protected so that they can be used 
strategically. 
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Semi-arid environments are charactensed by large temporal and spatial variability in 
food resources (Ainslie et al., 1998; Scoones, 1991). This is because the production 
of food resources is dependent on rainfall, which is localised, seasonal and erratic 
(Scoones, 1992a). During the wet season, browse and grass are abundant, however, 
grass, particularly in communal area rangelands, quickly diminishes because it 
mainly consists of annual species (Plate 1. 1), (Tainton et al., 1996), which are low in 
biomass. One of the consequences of this is that herbivores experience a shortage in 
food and depending on the severity, can either lose weight or not survive the dry 
season (Scoones, 1991). 
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Plate 1.1: Low grass biomass in Bidi communal rangeland, South-west of Zimbabwe 
Secondly, semi-arid environments are complex (Tainton et al., 1996). They consist 
of a wide range of browse and grass species. These species are varied in physical 
and chemical characteristics (Massei et al., 2000). Although this may broaden the 
seasonal availability of forage (Tainton et al., 1996), this results in a spatially 
heterogeneous environment from the bite through to the habitat level. The animals 
are then faced with the challenge of selecting a diet from within these conditions so 
as to meet their nutritional requirements. 
If animals are to survive the dry season, they have to use various foraging strategies 
to mitigate the effects of limited food resources (Dicko-Touré, 1980b) however 
management interventions such as supplements, herding, and movement can be used 
to complement these strategies (Scoones, 1991). Appropriate interventions to 
foraging strategies can be designed for particular animal species when their foraging 
strategies are defined, and the cues they respond to, as well as the basis for food 
selection are known. 
1.1. Animal responses to changes in the feeding environment 
Animals respond to changes in food availability by changing their intake rate 
(functional response), (Ungar, 1996). Since herbivores are considered to be intake 
rate maximisers (Stephens and Krebs, 1986), the study of functional responses has 
used the optimal foraging theory as a framework. Here, animals are considered to be 
faced with a set of decisions, which may be conflicting, for example grazing and 
thermoregulation. The decisions have to be made within a framework of constraints 
such as limited foraging time (Belovsky, 1986) and limited food resources both of 
which are extrinsic factors (Stephens and Krebs, 1986). Other intrinsic constraints, 
reflect the animal's body size; the size of body parts such as the mouth, and how 
these affect the animals' foraging style (Grant et al., 1985). The goal of the animal, 
within these constraints, is to make foraging decisions that will optimise its food 
intake rate, resulting in a positive contribution to its overall fitness (Stephens and 
Krebs, 1986). 
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The functional response of animals has been studied at different levels, from the 
patch (Gross et al., 1993b); (Illius et al., 2001; Ginnett and Demment, 1995) to the 
landscape level (Dunham, 1980; Wallis de Vries, 1994; Abbas et al., 1995). Some of 
these studies involved an analysis of the mechanisms involved in the functional 
response. For example, Spalinger and Hobbs (1992) developed models which 
described the instantaneous intake rates of unsatiated animals over short time 
intervals. These models are an important tool for studying the effects of the variation 
in the structure, abundance and distribution of plants on instantaneous intake rates of 
herbivores. 
The process 3 model of Spalinger and Hobbs (1992), which describes the functional 
response in spatially concentrated plants, was tested by Gross et al (1993b). Not 
only did it account for most of the variation in intake rate, but Gross et al concluded 
that plant characteristics regulating bite size frequently controlled instantaneous 
intake rates of food. In another application of the model, Shipley et al (Shipley et al., 
1994), tested the scaling of the different parameters of the model and concluded that 
there was a relationship between maximum bite size and food processing in the 
mouth with body size. In other words, the intake rate of herbivores scaled with body 
size. 
In studies of free-ranging cattle and goats in southern Zimbabwe, Scoones (1995) 
observed that as resources diminished from the wet to the dry season, animals 
increased the proportion of browse in their diets since it was the more abundant 
resource during the dry season. In Scoones' study (1995), the dry season strategy 
also consisted of moving to key resource areas, use of crop residues and management 
interventions such as herding and movement. But in the same study, utilisation of 
browse depended on the savanna type in consideration. The implication of this being 
that the foraging strategies of animals depend on the particular environment they are 
in, and data cannot be simply extrapolated from one area to another. Work with 
Roan antelope (Hippotragus equinus Desmarest) in South Africa also showed that 
they chose to graze in areas with more food during the dry season (Heitkonig and 
Owen-Smith, 1998). Feral goats also showed a great ability to detect and respond 
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rapidly to changes in their vegetation environment (Aldezabal and Garin, 2000) and 
diversifying their diets as the preferred feeds diminished (Genin and Pijoan, 1993). 
A similar observation was made with kudu (Tragelaphus strepsiceros) in South 
Africa where they initially avoided certain browse resources but when overall 
resource availability diminished, they started to use the less preferred resource 
(Owen-Smith, 1994). 
Therefore, animals select to feed in areas that offer them a higher biomass, or they 
choose food functional groups that offer them more resources and therefore, greater 
intakes. In the latter case the selection of diets between functional groups may 
follow a rate optimisation process. Consequently, the same would be expected in the 
selection of species within functional groups. 
In semi-arid regions, browse tends to be of higher availability than grass during the 
dry season (Scoones, 1995). The dry season strategies of most herbivores, therefore 
depend on the presence of browse (Aldezabal and Garin, 2000; Scoones, 1995; Lu, 
1988; Mnene et al., 1996). Browse is even more important in communal areas where 
it is the dominant resource providing the most biomass throughout the year. The role 
of browse and its contribution to the diets of different animal species is important for 
management decisions on the animal species to put in an area and the stocking rate to 
use. 
1.2. Effects of animal species on foraging behaviour 
Communal area grazing is characterised by mixed-species grazing. The animal 
species normally stocked are cattle, goats, donkeys and sheep. These are different in 
body size with cattle being the biggest. Body size affects the way in which animals 
harvest their food. Cattle use their tongues to sweep grass over the incisors, so that 
their feeding rate drops rapidly when the grass is too short for this to be done 
effectively (Owen-Smith and Cumming, 1993). They are bulk feeders and feed to 
maximise dry matter intake rate (Hodgson, 1981), often at the expense of the diet 
quality. Cattle's mouthparts are large and this limits the level of selectivity they can 
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exhibit. They are, therefore, more sensitive to the average quality of resources in 
their feeding environment than are goats. 
Goats, on the other hand, are mixed feeding opportunists (Lu, 1988) and are more 
selective with the objective of maximising diet quality. The mouths of goats are 
narrow, and this allows them to pluck off their food making goats better able to 
select high quality plant parts than do cattle. The diets of goats are, therefore, 
expected to be of higher quality than those of cattle when feeding in the same 
heterogeneous environment. 
The differences in feeding patterns due to the physiological and morphological 
differences between species of animals can be exploited by rangeland managers to 
optimise the utilisation of range resources. It is important to evaluate the diet overlap 
between animal species with respect to available food resources, in order to assess 
the potential for competition in the mixed species grazing system being advocated. 
1.3. Where are the gaps in knowledge? 
From both the ecological and management perspective, it is important to know the 
functional response of cattle and goats under conditions of different resource 
availability in a semi-arid environment. In Southern Africa no work has been 
conducted to determine the levels of resource biomass at which animals start shifting 
to other feed resources. The cues they respond to also need to be identified and used 
in planning interventions to ensure the sustainable use of the natural resources in the 
semi-arid systems. With such information, animal species can be matched with the 
environment, depending on the management objectives. Such an approach would 
ensure productivity of the rangeland and sustainability of the system. At the same 
time, the rangeland resources can also be evaluated with respect to a particular 
species, particularly where resource differentiation exists between animal species. 
Consequently, management interventions can then be designed to improve the 
balance between complimentary resources - grass and browse. Through modelling, 
the constraints and decisions can be fitted to predict nutritional outcomes, and then 
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management can be targeted to achieve set objectives. Therefore, a clearer 
understanding of the herbivore-plant interactions will not only improve the 
management of animals, but also that of rangelands to improve biodiversity and the 
livelihoods of rural communities. 
1.4. Aims 
The overall aim of the work presented in this thesis was to establish how the foraging 
strategies of different animal species responded to resource availability. Therefore, 
two main questions were posed: 
• In a semi-arid environment can cattle and goats respond to changes in their food 
environment both within and between seasons? 
• What are the foraging mechanisms by which animals interact with the grass and 
browse resources available to them? 
1.5. Thesis structure 
The thesis starts with observation studies of the foraging strategies of cattle and goats 
in a communal area rangeland in Bidi, in South-western Zimbabwe. The chapter 
gives farmers' perceptions of the rangeland resources, followed by a description of 
the foraging behaviour of cattle and goats during the wet and dry seasons. 
The next chapter used controlled experiments to determine the effects of plant 
physical characteristics on intake efficiency in cattle and goats feeding on a range of 
browse and grass species. The output from the experimental work was then used to 
come up with hypotheses as to how animals select species in a free-ranging system. 
The third results chapter sought to establish the foraging strategies of cattle and goats 
in complex vegetation mosaics when the amount and the relative proportions of 
browse and grass were experimentally manipulated both within and between seasons. 
The strategies were also evaluated in terms of whether or not they managed to 
mitigate the effects of limited food resources. 
Hypotheses 
From the literature, animals have been observed substituting grass with browse when 
grass was limited. Browse also plays a complementary role in the diets of herbivores 
because it provides a higher level of crude protein (CP) and is considered to be CP 
supplement during the dry season (Le Houerou, 1980b). On this basis browse and 
grass would be expected to substitute each other. 
Hypothesis 1: 
. Cattle and goats will increase the proportion of browse in their diets as the 
biomass of grass in the rangeland reduces so as to maintain their dry matter 
intake rate. 
Hypothesis 2: 
. The selection of browse species by cattle and goats is based on the foraging 




The experiments were carried out at Matopos Research station and Bidi village, 
which are in Natural Regions IV and V, respectively. Zimbabwe is divided into five 
broad Natural Regions (NR) mainly based on the climate as shown in Table 1.1. 
Regions N and V constitute about 61% of the country, and due to the low rainfall, 
animal production is a more viable option. 
Table 1.1: The Natural Regions (NR) of Zimbabwe. 
Natural Region Characteristics Proportion Communal 
area located in region* 
I < 1050 mm rainfall per annum in 0.01 
613 233 ha all months of the year and low 
temperatures. 
II 700 - 1050 mm rainfall per annum 0.08 
7 343 059 ha confined to summer. 
III 500 - 700 mm rainfall per annum 0.17 
6 854 958 ha with relatively high temperatures 
and infrequent, heavy falls of 
rain 	and 	subject 	to 	seasonal 
droughts. 
N 450 - 600 mm rainfall per annum 0.45 
13 0.10 036 ha and subject to frequent seasonal 
droughts.  
V normally less that 500 mm rainfall 0.29 
10 288 036 ha per annum. Very erratic rainfall. 
Northern lowveld may have more 
rain but the topography and soils 
are poorer.  
Source: Adopted from K. Muir (1997) 
The rest of the area is resettlement, large-scale commercial farms, small-scale commercial farms and urban 
areas. 
CHAPTER 2 
FORAGING BEHAVIOUR OF FREE-RANGING CATTLE AND GOATS ON 
COMMUNAL AREA RANGELAND IN SOUTHERN ZIMBABWE. 
2.1. INTRODUCTION 
Savanna rangelands are characterised by large temporal variability in feed resources 
(Scoones, 1991; Ainslie et al., 1998) which results in livestock in most communal 
areas in Zimbabwe experiencing a nutritional bottleneck, usually during the dry 
season (Scoones, 1992a). Livestock and their managers, therefore, have to use 
strategies to deal with the seasonal variation in feed resources (Dicko-Touré, 1980b). 
The foraging behaviour of cattle and goats in communal areas in Zimbabwe showed 
that their utilisation of browse on rangeland types in the same communal area 
differed (Scoones, 1995). The implication is that animals may respond differently 
with respect to the quantity and quality of resources available. Therefore, the role of 
browse and other resources needs to be defined for different types of rangelands so 
that recommendations for management are relevant to a particular circumstance. 
This will allow for the necessary interventions to be made during nutritional 
bottlenecks to achieve the production goals of the farmers. 
The background to the concern and focus on communal areas is the increase in 
human population that is exerting pressure on Southern African vegetation, 
particularly the grasses (Barnes, 1982). Most communal areas have been defined as 
degraded (Hurt, 1998) and, therefore, unable to sustain the current levels of livestock. 
In an effort to mitigate the effects of temporal and spatial variations in feed 
resources, different recommendations have been given to governments on how to 
manage rangelands in a sustainable way (Sibanda, 1993; Ainslie et al., 1998). In 
Zimbabwe, one of these attempts involved the introduction of grazing schemes but 
these did not succeed in increasing herbage yield or enhancing the grass species 
composition on the range (Sibanda, 1993). Scoones (1990) argued that one of the 
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reasons for this failure was the fact that demarcations of the paddocks did not 
recognise the spatial heterogeneity of the rangeland, which leads to non-uniform 
utilisation of the range. Therefore, sound interventions need to be based on adequate 
information about the roles of all the components of the rangeland (browse, grass and 
different habitats), their distribution (spatial and temporal) and how animals respond 
to them. 
2.1.1. Feed resources on communal rangelands 
The natural vegetation in most communal areas comprises browse with an 




Plate 2.1: Part of the rangeland in Bidi with trees and grass (Ai-islula barbicollis). 
These resources are patchily distributed, creating a unique combination of 
microhabitats (Scoones, 1990). The presence of different types of habitats means 
that some key resources such as dambos and rivenne areas have feed resources even 
when most areas have been exhausted, making them important sources of dry season 
forage for animals. It has been hypothesised that spatial heterogeneity in resource 
abundance buffers seasonal variability (Scoones, 1992a; Hurt, 1998) since this 
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provides key resources in a system where resources cannot be reserved for the dry 
season because the animals have open access to the whole rangeland all year round. 
But, this buffering effect only applies when grazing areas are sufficiently extensive to 
allow the animals to move between resource types (Ainslie et al., 1998). 
2.1.1.1. Grass 
Most communal rangelands in Southern Africa contain a narrow range of grass 
species, most of which are annuals (Todd et al., 1998). Annual grasses produce less 
biomass compared to perennial species and are almost completely consumed soon 
after the end of the rainy season only leaving lower quality fractions such as stems 
(Dube and Kalua, 1998). 
Further, grass production is dependent on the amount and distribution of rainfall 
(Jarman and Sinclair, 1979; Dye and Walker, 1987). With the erratic rainfall and 
recurrent droughts in dryland savanna areas (Scoones, 1992a), grass biomass will 
tend to fluctuate from one year to another making it an even less reliable food source. 
This leaves browse as the most abundant resource during the dry season. Thus, 
livestock are limited in the range of resource groups (browse, grass) from which to 
meet their nutritional requirements, particularly during the dry season (Scoones, 
1992a). 
2.1.1.2. Browse 
Browse is a key resource in semi-arid production systems (Harrington and Wilson, 
1980). It is less sensitive to rainfall and temperatures than is grass and is able to 
produce in drought years if the previous year had adequate rainfall (Barnes, 1982). 
This is because the root system of browse can be very deep reaching the water table 
even when it is low and trees have more food reserves that they mobilise after 
dormancy. This makes browse resource availability more reliable in communal areas 
where rainfall is erratic and droughts are more prevalent. In general, when grass is at 
its poorest quality, browse has new shoots which can make a significant contribution 
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to both protein and energy requirements of grazing cattle (Rees, 1972) and other 
animals. 
Browse provides crude protein (CP), vitamins and minerals which are lacking in 
grassland pastures during the dry season, and is considered to be a CP supplement 
(Le Houerou, 1980a). Browse has been shown to enhance the intake of other 
resources resulting in longer feeding bouts (Boyd et al., 1996). Consequently, poor 
quality resources used in the dry season, such as cereal stover and grass, can be used 
and digested more efficiently if they are supplemented with browse forage 
(McDonald et al., 1988). 
Most rangeland management in Zimbabwe has been targeted at beef production in 
large-scale commercial areas which are based on grass as forage. Therefore, most 
previous research has concentrated on grass not browse (Scoones, 1990). To define 
the nutritional role of browse on communal rangelands, we need to be aware of the 
seasonal foraging strategies of cattle and goats in relation to the two types of forage 
resources. 
2.1.2. Livestock management by farmers 
There are various ways in which the farmers can intervene to mitigate the effects of 
limited food resources during the dry season (Scoones, 1992b). The type of 
intervention or management practice will influence the foraging strategies of 
livestock. Their main management objective is to ensure survival of animals (Hurt, 
1998) and to ensure that the draught animals are in good condition for the start of the 
cropping season, which occurs at the end of the dry season. Therefore, herd 
management could be considered as seasonal and it is dependent on the availability 
of different food resources (Scoones, 1990). 
In communal areas, livestock are let out in the morning to graze and kraaled 
overnight. The time for letting them out and kraaling depends on the season, with 
shorter grazing time during the cropping season (Scoones, 1990). Farmers may 
intervene by increasing the length of feeding time of their livestock. This is achieved 
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by letting livestock out earlier in the morning and kraaling them later in the afternoon 
during the dry season. Alternatively cattle might be kraaled on alternate days, giving 
an opportunity to the livestock to start grazing early in the morning before it gets hot 
and to move further away from the homestead to areas with relatively more food 
resources. But they might suffer more predation and chances of being stolen also 
increase. 
In some communal areas, farmers collect pods from Acacia species and feed them to 
their small stock (goats and sheep) during the dry season, before they go out to graze. 
Farmers may also collect cereal stover (mainly maize) from their fields and store at 
the homestead (Scoones, 1992a). This is then fed to the cattle during the peak dry 
season. This will reduce the quantity of feed the animals have to get from the 
rangeland since part of the daily food requirement would be met from stover. But, 
this practice is not so common because of labour shortages, most crop residues are 
consumed in situ with wastage as high as 50% (Sibanda, 1993). Stover is also less 
important in marginal areas, such as NR IV and V, supplying 12% of the daily energy 
requirements of cattle compared to more than 50% in NR H and ifi (Sibanda, 1993) 
(For a description of NR, see chapter 1). This is mainly because cropping is not as 
successful in the marginal regions due to limited rainfall and seasonal droughts, so 
the production of stover is relatively lower than in higher rainfall areas. 
Some communal areas in Zimbabwe, which are close to government-owned estates, 
may have access to grazing during the dry season, and animals can be moved to these 
areas. These estates, therefore, act as a fodder reserve for the dry season, reducing 
the grazing pressure on the communal rangelands, but this is only in some places. 
2.1.3. Animals and foraging strategies 
Most communal areas have cattle, goats, sheep and donkeys. The cattle in communal 
areas constitute 70% of the total national herd (The Financial Gazette, 4-9 
November, 1999). Since the rangeland is not divided into paddocks, there is a 
system of mixed species grazing. Mixed species grazing is thought to promote more 
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uniform utilisation of the range resources (Abaye et al., 1994) when diet overlap does 
not result in competition for resources (Mysterud, 2000). This is possible when 
different animal species use different resources or if they use the same resources but 
different plant parts or different horizons (Jarman and Sinclair, 1979). 
The resources and the components selected during feeding depend on the animal 
species and their feeding habits. Cattle are bulk feeders and, therefore, feed to 
maximise intake rate (Hodgson, 1981) often at the expense of diet quality. Goats on 
the other hand are mixed feeding opportunists (Lu, 1988) and tend to be more 
selective in an attempt to maximise on diet quality. These animal species differences 
can be exploited in a mixed species grazing system increasing the productivity per 
unit area. It is only recently that any emphasis has been placed on the impact on 
grazing resources of bulk feeders and concentrate feeders in mixed-species grazing 
systems (Hurt, 1998). 
It is through a combination of farmer intervention and resource availability that 
animals develop a strategy to deal with the environmental changes so as to meet their 
nutritional needs. 
2.1.3. Farmer knowledge in research 
Scientists now recognise the importance of indigenous knowledge in research 
(Matose and Mukamuri, 1994). Through discussions with farmers, scientists can find 
out about what farmers perceive to be a problem and the social and political contexts 
within which solutions have to be designed. Such involvement generates interest in 
the research and outcomes, increasing the chances of adoption. Very little has been 
achieved in developing empirical range management recommendations for 
communal areas (Hurt, 1998) and this is mainly because of the knowledge gap in 
how the system works. Involving farmers allows for the incorporation of the 
ecological knowledge of the rangeland and the farmer perceptions and management 
objectives in the development of management interventions. 
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Therefore, a rapid rural appraisal (RRA) was carried out in Bidi, firstly to determine 
available information on the browse resource and establish the farmers' 
perceptions/knowledge (advantages/constraints) of the utilisation of this resource. 
Secondly, to gather baseline information on general livestock management practices, 
data on the number of animals per household was also collected. 
Following the RRA, which revealed that some browse species were preferred by 
some animal species but not by others and that browse was used throughout the year, 
a livestock monitoring study was carried out. The overall aim was to find out how 
the livestock responded to a change in feeding resources from the wet to the dry 
season, how they utilised different resources and how herd management is used to 
counter the effects of the dry season. Therefore, the overall objectives of the study 
were to determine: 
- the utilisation of range resources, mainly browse, by cattle and goats and how this 
changes from one season to another. 
- the activity pattern of cattle and goats in mixed species grazing on communal 
rangelands at different times of the year (seasons) so as to outline their feeding 
strategy during the dry season when feed resources are most limiting. 
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2.2. MATERIALS AND METHODS 
2.2.1. Description of the study area 
The informal survey and the livestock monitoring studies were carried out in Bidi 
which is one of the five villages in Ward 8 in the Matobo district in Matebeleland 
South, southwest Zimbabwe (Figure 2.1). 





I Bidi village I 
I 	I Matobo District 
Figure 2.1: Location of Matobo District and Bidi village. 
It is in Natural Region 5 (NR V, see table 1.1 in chapter 1 for a description), the 
driest part of the country. It is a semi-arid region characterised by low annual rainfall 
(400 - 600 mm) and high temperatures (27 - 34 0C)with an altitude between 1000 and 
1300 mat latitude of 21 0 15' - 21 0 10'. The vegetation is a Mopane (Colophospermum 
mopane) savanna woodland dominated by trees and shrubs. The main grass species 
is Aristida. Soils are mainly sodic and red clays. 
The total area of the rangeland for the whole Ward 8 is 19560 hectares. Bidi is the 
largest village of the 5 and its area of rangeland is between 6000 and 7000 hectares. 
In communal areas, rangelands is communally owned and managed (Sibanda, 1993) 
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which means that all the inhabitants of a village have rights to use all parts of the 
rangeland. Any restrictions on utilisation of resources (e.g. cutting of whole trees for 
fire wood or for building) depend on the rules and regulations set in the village, since 
the villagers are their own policing agent. 
Figure 2.2 shows the mean monthly temperatures and total monthly rainfall at Kezi 
growth point, which is the meteorology station nearest to Bidi, about 45 km away. 
Since the rainfall is erratic and unevenly distributed, the actual daily distribution and 
total would not be exactly the same for Bidi and Kezi. For example, in 2000, Bidi 
continued to get light showers until the second week of July, whereas no rainfall was 
recorded in Kezi during this period. 
Bidi is made up of 3210 households (Matanda, pers. corn.). The estimated livestock 
numbers are given in Table 2.1. Cattle and goats are the most important livestock 
species. 
Range resources are not evenly distributed. During the dry season, there is relatively 
greater grass biomass on contours separating fields, protected fallow fields, and areas 
around seasonal streams/waterways than on the rest of the rangeland. Species such 
as Cynodon dactylon are found around the banks of the dam and rivers. Acacia 
tortilis and Acacia nilotica are found in and around fallow lands. The trees are 
stunted with a lot of thorns and leaves which are much smaller than on trees which 
grow under moderate browsing. Other browse species such as Strychnos 
madagascariensis, Azanza garkeana, and Sclerocarya birrea (all of them are fruit 
trees) are also found in fields. Forbs are found mainly on fallow fields. Sedges are 
found around pockets of dambos. 
17 
Figure 2. 2: Mean monthly maximum temperature and total monthly rainfall for 
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Table 2.1: Livestock numbers for Bidi village. 
Livestock species 	 Population 	Average Number per household* 
Cattle 
	
10312 	 3.21 
Goats 
	
8590 	 2.68 
Sheep 	 411 	 0.13 
Donkeys 	 1031 	 0.32 
Pigs 
	
39 	 0.01 
Source: Matanda (pers. comm.). * Average was calculated by dividing the total population with the number of 
households. No information on individual household numbers was given. 
2.2.2. Rapid Rural Appraisal 
Farmers were invited for an informal meeting with 2 researchers from Matopos 
Research Station in September 1998. Forty-two men and women were involved in 
the meeting. The farmers came from different parts of the village, representing users 
of different parts of the rangeland. The farmers were asked to divide into four groups 
to ensure that everyone had an opportunity to participate. The culture in the area, as 
in most African countries, is that women are not used to speaking up in the presence 
of men. Therefore, being in the same group with men would have restricted any 
active participation of women in the deliberations of the meeting. Men formed two 
groups and the women the other two. The farmers were, on average, a literate group 
of people. They decided that they preferred to use flip charts to illustrate what they 
were discussing, in contrast to other participatory survey tools such as stones and 
bottle tops. 
The exercises consisted of listing browse species consumed by different livestock 
species, ranking these for abundance on range, for preference by cattle and goats and 
producing a calendar of browse species use. A checklist of expected output was 
compiled to assist the researchers during the survey (Appendix 2.1). The groups' 
outputs were discussed in an open session and unclear issues were clarified. 
II, 
2.2.3. Tree assessment 
The densities and proportions of trees within different height classes were estimated 
in April 2001 to give a description of the rangeland as well as verify information on 
abundance ranking by farmers. The following six sites around the village were 
selected for tree assessments (also see Appendix 2.4): 
1-Dam 
2- Behind the Moyo's home (Moyo). 
3-. Towards Tilco road (Tilco). 
Chiefs homestead (Chief). 
Across the bus road from the Putis (Puti). 
Shortcut to Maphisa after the first stream (Maphisa). 
Within each site, a centre point was randomly picked. It had to allow for a quadrat 
with a radius of 200 meters (m), uninterrupted by fields, fallow fields and houses. 
From the centre, 4 transects were established in 4 directions - North, South, East and 
West. Each transect ran for 200 m from the centre point. Since the assessment area 
was 10 m wide, 5 in to the left and 5 to the right of the transect line, the first 5m for 
north and south (from the centre) overlapped with the first 5m for east and west. So 
the centre for the north and south transects was assessed and that for east and west 
was not (adjusting for the overlap at the centre). Assessment was done on trees 
within 5m to the left and 5 m to the right of the transect. Therefore, a total of 10 in 
by 200 m (0.2 hectares) was assessed for each transect. 
All the trees within the assessment band were counted and recorded by species. The 
height classes of the trees within a species were determined and recorded. Five 
height classes were used; 0 - 50 cm, 50 - 100 cm, 100 - 150 cm, 150 - 200 cm and 
>200 cm. 
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2.2.4. The livestock monitoring study 
The observations were carried out in March, June/July and September 1999 and in 
September 2000. These times represented different seasons: late-wet, early-dry, late-
dry and the late-dry-2nd year, respectively. 
2.2.4.1. Animals 
Farmers' animals were used for the observations. The cattle came from two farmers 
and the goats from one farmer for all observations in all seasons. The number of 
farmers whose animals were used was deliberately restricted to minimise between 
animal variation that may result due to the farmers' management practice (advice 
from Farming systems research unit in the Department of Research and Specialist 
Services, also see Biometrics Advisory Support Service to DFID, 2000). Further, 
livestock from different households moved in different herds and selection of 
households included searching for those whose livestock moved in the same herd. 
One class (steers for cattle and kapaters (castrated goats) for goats) from both species 
was observed. The castrates of both species were chosen because it was easier to 
have enough animals to observe in this group, secondly, the mortality rate was 
generally lower than that of milking animals, therefore, fewer animals needed to be 
replaced from one season to another. The cattle were of non-descript breeds - one 
Hereford cross, two Brahman crosses and others possibly Afrikaner-crosses. The 
goats were the indigenous Matebele breed. 
Six cattle and 6 goats were observed in 1999. In 2000, 5 cattle and 6 goats were 
observed. We were unable to find a replacement steer of similar size to the one in 
1999 in the same herd. All the focal animals were part of the normal larger herd or 
flock. The goats were allocated numbers and marked with cattle marking paint. The 
cattle were not marked; they were identified by their physical features. The animals 
were penned at night at their respective kraals. This allowed farmers to practise their 
normal management, such as feeding of stover during the late-dry season. The 
animals were let out to graze at different times depending on the season and the 
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livestock species. The goats were let out after the morning dew had dried. Cattle 
were let out earlier, as the farmers said that when the grass still had dew, cattle would 
consume more, particularly during the dry season. 
Some cattle and goats had to be replaced in subsequent seasons because the original 
ones had died or had been slaughtered or sold. 
2.2.4.2. Livestock Monitoring 
The cattle and goats were observed for six hours per day, throughout out the study. 
The observations began 30 minutes after the animals had been let out of the kraal in 
the morning. 
Focal and scan sampling techniques (Martin and Bateson, 1993) were used to 
monitor the frequency and duration of activities as well as to collect samples of food 
materials eaten by cattle and goats. 
The cattle and goats did not forage together. Therefore, there were 2 pairs of 
observers, one for each livestock species. The first person in each pair used a 
combination of scan and focal sampling techniques, with a scan every 10 minutes and 
a focal every 30 minutes for a 2-minutes duration per animal. The scan observations 
allowed frequent sampling which meant that rare activities could be detected. 
The second observer used focal sampling only. This was of 10-minute (March to 
July 1999) and 5 minute (September 1999 and 2000) duration for each animal. These 
observations were used for sample collection of material eaten by the animal during 
the last 2 minutes of each observation. From the late-dry season in 1999, a grab 
sample (simulating a bite taken by the animal) was taken on every third bite. An 
apron with 5 pockets was used; it had distinct compartments for grass, browse, forbs, 
fruits and mixture (grass, browse, forbs and fruits). The mixture sample represented 
the diet eaten by the animals. When all the animals had been observed, and samples 
collected, the cycle was repeated throughout the day for the duration of the 
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observations. The forage samples were bulked for all animals within animal species 
for all observation days for each season. The second observer also measured the 
diameters to which the different browse species were eaten. The difference between 
the 2 methods of data was that one was a point sampling, while the other measured 
duration. In order to collect enough sample material to do analysis with, the focal 
sampling was used. 
Both observers recorded the following activities: grazing, browsing, walking, 
ruminating, lying down, standing/resting, interaction and drinking water. The species 
and corresponding plant parts (leaves, fruits/pods, flowers) of browse were recorded; 
only species names were recorded for grass. For both observers, the observation 
cycle was repeated continuously during the 6 hours of observation time per day. 
The distance walked by the animals was measured for each animal species using a 
GPS for the early dry season in 1999 when a GPS was available. These 
measurements were carried out on alternating days for each livestock species. 
2.2.4.3. Sample processing and laboratory analyses 
The samples were separated into stem and leaf to estimate the relative proportions of 
leaf in the herbage. They were milled to pass through a 1-mm screen. They were 
analysed for nitrogen (N) using the macro-Kjeldahl technique (AOAC, 1965). Crude 
protein (CP) was estimated by multiplying the nitrogen concentration by 6.25. 
Neutral detergent fibre (NDF) was determined using the technique of Goering and 
van Soest (1970). Each season had its own set of samples so that the quality of 
material eaten by cattle and goats could be estimated for each season. 
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2.2.5. Statistical analyses 
2.2.5.1. Tree densities 
The data from the six sites was summarised to give a mean density per hectare of 
each tree species within a height class. Rare species were grouped together as 
'other'. 
In the six areas assessed, there was a total of 35 browse species. Mopane, Acacia 
species and Combretum species together constituted more than 90% of the total 
number of trees in each of these areas. Because of this, statistical analysis to 
determine if there were differences in browse species densities between areas and 
height classes were done using the densities of these 3 species. The data was 
analysed using REML (residual maximum likelihood) technique of Genstat (Genstat 
Committee, 1993) and the fixed model consisted of the area, the browse species, 
height class and some interactions thereof. There was no random model. 
2.2.5.2. Livestock monitoring 
For statistical analysis, the scan sampling data was used. Because of the frequency of 
recording, scan sampling generated more data than focal sampling and therefore 
allowed for more parameters to be considered in the statistical analyses. Therefore, 
activities recorded during observations were grouped to form three main activity 
groups - feeding (grazing, browsing and feeding on crop residues (stover)), walking 
and any other activities (mainly resting). 
2.2.5.3. Activity patterns 
To assess forage density, the relationship between the time spent feeding and walking 
was assessed. The log ratio method of Elston et al (1996) was used with time spent 
feeding as the numerator and time spent walking as the denominator. Where the 
forage had a high density, the ratio was expected to be larger than when forage was 
sparsely distributed. The design was not balanced, therefore, REML analyses was 
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used (Genstat 5 Committee, 1993). 
Time spent walking and feeding was also further analysed separately to determine 
how both responded to the season and animal species. Because the data was a 
proportion, it was angular transformed to normalise the distribution. In all analyses, 
residual plots were done to check for normality. 
2.2.5.4. Relationship between frequency of browsing and grazing 
Within the feeding activity, browsing was assessed in relation to grazing. These 
activities are complementary. To describe and analyse the effects of animal species 
and season on the relationship between frequency browsing and grazing, a log ratio 
was calculated with browsing as the numerator and grazing as the denominator and 
the log ratio analysis method of Elston et al (1996) was used. A ratio of 1 meant that 
equal proportions of feeding time were allocated to both activities, while a ratio 
greater than 1 meant that there was more browsing taking place. Since the data was 
not balanced, REML was used (Genstat 5 Committee, 1993). 
2.2.5.5. Frequency of consumption of different browse and grass species during 
foraging 
The number of browse and grass species, which were eaten by cattle and goats, were 
many. As a result, it was not logical to do comparisons of utilisation with so many 
levels within a variable as these could end up being significant by virtue of the 
number of species being compared. To deal with the problem, the following criteria 
for grouping species were used: 
- For the grass species, those with very low proportions and/or were not eaten in at 
least 3 seasons were grouped. Grasses ended up with 3 species and one pooled group 
(other). 
For browse, species which were eaten in at least 3 of the 4 seasons were left on their 
own, while all the Acacia species were put into one group, the Combretum species 
into another, Sclerocarya birrea and Azanza garckeana (both have fruits) into 
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another. The last group consisted of all the other species that did not meet the criteria 
above. The time spent on each species was then expressed as a proportion of the 
total time browsing and presented as a graph. 
The variation in utilisation of other grass species was tested in relation to the grass 
species Aristida barbicollis (Ab) using log-ratio analysis (Elston et al, 1996) which 
was analysed using REML (Genstat 5 Committee, 1993). Ab was chosen because it 
was utilised in all seasons by both cattle and goats. It was also the most dominant on 
the part of the range that these animals used. The individual species counts were 
further translated into daily proportions and these proportions were angular 
transformed to make the data normal and they were analysed separately. The 
individuals within animal species moved together exploiting the same parts of the 
rangeland at any given time. Little within animal variation was expected, therefore 
the data was pooled within days. 
2.2.5.6. Diet composition and overlap 
Diet composition was determined for the 2 seasons (late-dry and late-dry-2nd) in 
which samples simulating the diets selected (mixture samples) by the cattle and goats 
were collected. 
The cattle and goats both had grass and browse species in their diets at all times of 
the year. To determine the diet overlap of the two main functional groups, browse 
and grass for each season, the Morisita measure of overlap was used (Krebs, 1989). 
This was most appropriate because it has no bias even with small animal numbers (as 
is the case here) and is appropriate for counts such as frequencies of eating grass or 
browse from scan sampling data. Data was pooled for each animal species across 
days for each season. The proportion of a browse or grass species in the diet was 
calculated by dividing the frequency of that species by the total frequency of grass 
and browse eaten by the animal species within a season. Within the focal group, the 
number of animals consuming the vegetation species per day was determined. These 
values were used to calculate the Morisita's index of overlap (or Morisita measure) 
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(Krebs, 1989): 
C = 2EPijPik 
rpij [(nj - 1)! (Nj - 1)] + rPik [(nik - 1)! (Nk - 1)] 
Where: 
C = Morisita's index of niche overlap between speciesj and k. 
Pij = Proportion resource i is of the total resources used by speciesj. 
Pik = Proportion resource i is of the total resources used by species k. 
nij = Numbers of individuals of speciesj that used resource category i. 
nik = Numbers of individuals of species k that used resource category i. 
NJ, Nk = Total numbers of individuals of each species in sample (nij = NJ; 
Enik = Nk) 
Only the two dry seasons (1999 and 2000) are presented because that is when diet 
composition was determined (Figure 2.9), which is an input in the calculation of diet 
overlap. Morisita measure ranges from 0 to 1; where 0 means that there is no overlap 
and 1 means a total overlap in diets and a blank means that neither cattle nor goats 
utilised the plant species. 
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2.4. RESULTS 
2.4.1. Rapid Rural Appraisal 
2.4.1.1. Livestock numbers 
The distribution of livestock between the 42 households represented at the meeting 
was not even (Table 2.2). The represented households had more livestock than the 
village average (see Table 2.1). The mean number of animals per household are 
higher for the small ruminants (sheep and goats) than for cattle and donkeys. Twenty 
four percent of the farmers had no sheep, and 29% had no cattle, whereas only 10% 
had no goats, and the same for donkeys. 
Table 2.2: Mean Livestock numbers, (standard error (s.e.), per household for the 42 
households which were present at the meeting. 
Animal species 	Mean per household 	Range 
Cattle 5 (8.0) 	 0-45 
Goats 20 (20.0) 	 0-107 
Sheep 16 (14.6) 	 0 - 65  
Donkeys 5(3.5) 	 0-15 
2.4.1.2. Abundance ranking 
Four groups of farmers participated in the activity, but only 3 provided results (Table 
2.3). The fourth group seemed to have farmers from different parts of the village and 
concurring on the rankings was very difficult and so no conclusion could be reached. 
All the groups ranked Colophospermum mopane (Mopane) as the most abundant 
tree species on the rangeland. Combretum apiculatum ranked second for two of 
groups and fourth for the third. The overall ranking was not the same for all groups 
although the first 5 positions were taken by the same browse species in different 
orders. 
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Table 2.3: Abundance ranking by farmers of browse species on rangeland in Bidi 
village. 
Ranking  Farmer group  






2 Combretum apiculatum Combretum apiculatum Acacia tortilis 
3 Combretum hereroense Acacia tortilis Acacia erubescens 
4 Acacia tortilis *Ufl1çjajpjJpj Combretum apiculatum 
5 Acacia nilotica Combretum hereroense Dichrostachys cineria 
6 Ziziphus mucronata Strychnos 
madagascariensis 
Combretum hereroense 
7 Lonchocarpus capassa Sclerocarya birrea Sclerocarya birrea 
8 Bonsia albitrunca Ziziphus mucronata Shychnos madagascariensis 
9 Grewia monticola Kirkia acuminata Gradenia spp 
10 Sclerocarya birrea Acacia galpinii Azanza garckeana 
11 Acacia erubescens Terminalia sericia 
12 Acacia nilotica Euclea divinorum 
13 Lonchocarpus capassa Acacia karoo 
14 Terminalia spp 
* Latin name could not be found. 
2.4.1.3. Browse species eaten by different animal species 
Tables 2.4 to 2.7 show the browse species that farmers said were eaten by different 
livestock species. Cattle potentially eat a wide range of browse species using, mainly 
leaves and also pods (Table 2.4). The utilisation of some species seems to be 
common on different parts of the rangeland (e.g. Mopane) (as represented by the 
different groups of farmers), but not others (e.g. Euclea divinorum). Goats use a 
wider range of the Acacia species as compared to cattle (Table 2.5); but are quite 
similar to sheep (Table 2.6). Donkeys are the only species that utilised the bark of 
the tree (Table 2.7). Species such as Acacia, Combretum and Mopane were listed for 
all livestock species. 
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Table 2.4: Browse species and plant parts eaten by cattle. 
Browse species Group 1 Group 2 Group 3 Group 4 
Acacia erubescens L,P 
Acacia nilotica P 
Azanza garckeana L L 
Bonscia albitrunca L 
Colophospermum mopane L L L 
Combretum apiculatum L L L L 
Combretum hereroense L L L L 
Euclea divinorum L 
Grewiaflaviscens L,P L 
Grewia monticola L L L 
Kirkia acuminata L L 
Lonchocarpus capassa L,P L L L 
Sclerocarya birrea L 
Strychnos madagascariensis L,P L,P L,P L,P 
Terminalia plurinoides L,P  
Umldampunzi* L IL 
* Latin name could not be found 	 L - leaf P - pods/fruits 
Table 2.5: Browse species and plant parts eaten by goats. 
Browse species Group 1 Group 2 Group 3 Group 4 
Berchemia discolor L 
Acacia erubescens L L,P L,P 
Acacia galpinii L 
Acacia nilotica L,P L 
Acacia tortilis L L,P L,P P 
Azanza garckeana L L 
Bonscia albitrunca L L,P  L 
Colophospennum mopane L L L 
Combretum apiculatum L L 
Dichrostachys cineria L,P L,P 
Gardenia spp L L,P L 
Grewia ,nonticola L 
Pappea capensis L 
Sclerocarya birrea L,P L,P P 
Strychnos madagascariensis L 
Terminalia sericia L 
Umpawa* L,P 
Ziziphus mucronata L L,P L 
* - Latin name could not be found 	L - leaf P - Pod NQ - not qualified 
kill 
Table 2.6: Browse species and plant parts eaten by sheep. 
Browse species Group 1 Group 2 Group 3 Group 4 
Acacia erubescens L,P 
Acacia galpinii L,P  
Acacia nilotica L,P  
Acacia tortilis L,P L L 
Bonscia albitrunca L,P L,P L 
Colophospermurn mopane L L 
Combreturn apiculaturn L 
Combreturn hereroense L L 
Corn iphora africana L 
Gardenia spp  L,P  
Grewia monticola L 
Igwanda* L 
Sclerocarya birrea L,P 
Stiychnos rnadagascariensis L 
Umfavuke* NQ  
Umnkenkelwane * L,P  
Umpawa* L,P  
Ziziphus rnucronata L,P IL,P IL 
* - Latin name could not be found 	L - leaf P - pod NQ - not qualified 
Table 2.7: Browse species and plant parts eaten by donkeys. 
Browse species Group 1 Group 2 Group 3 Group 4 
Acacia erubescens L,P,B B L,B 
Acacia galpinii L,P,B 
Bonscia albitrunca L,P L,P,B L 
Colophosperrn urn rnopane L L 
Dichrostachys cineria L,P L,P,B B L,B 
Igwanda* L,P 
Kirkia acurninata B 
Lonchocarpus capassa L,P L,P,B B L,B 
Sclerocaiya birrea L,P 
Strychnos rnadagascariensis L,P,B B P 
Umnkenkelwane* L,P 
Umpawa * L 
* - Latin name could not be found 	L - leaf P - pod/fruit 	 B - bark 
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2.4.1.4. Preference ranking 
The most abundant species was not necessarily ranked as the most preferred. The 
Combretum species was ranked by farmers as the most preferred species by cattle 
(Table 2.8). Colophospermum mopane, which was ranked as the most abundant, 
ranked low in terms of cattle preference for 2 of the groups and was not in the list for 
the third group. The Acacia species (and Dichrostachys cineria - another thorny 
species) were at the bottom of the cattle ranking. In contrast Acacia tortilis, which is 
a thorny species, was ranked as the most preferred species for goats (Table 2.9). 
Mopane ranked low for the goats while the third group of farmers did not have it on 
its list. 
2.4.1.5. Calendar of use 
Figures 2.3 and 2.4 show that farmers regard browse as being utilised all year round 
by both cattle and goats offering different parts (leaves and pods/fruits) and forms 
(green leaves or dry leaves). Fruits from Sclerocarya birrea are eaten fresh. There is 
a concurrence between the farmers on when green leaves are eaten, but one group 
knew about when pods are utilised, but the other did not. Cattle tend to eat pods 
during the dry months (April to September). The most preferred species (Combretum 
apiculatum) may be used all year round as green and dry leaves. Goats tend to use 
pods/fruits from a wider range of tree species all year round. Acacia tortilis, which 
was ranked as the most preferred species can be used through out the year by goats. 
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Table 2.8: Preference ranking of browse species for cattle 
Ranking Group 1 Group 2 Group 3 
Combretum apicula turn Corn breturn apiculaturn Corn breturn hereroense 
2 Grewia rnonticola Umklampunzi* Strychnos madagascariensis 
3 Cornbretum hereroense Combreturn hereroense Grewia monticola 
4 Strychnos madagascariensis Strychnos rnadagascariensis Corn bretum apiculaturn 
5 Lonchocarpus capassa Azanza garckeana Grewiaflavescens 
6 Colophosperrnum mopane Grewiaflavescens 
7 Acacia tortilis Colophospermurn mopane 
8 Strychnos rnadagascariensis Term inalia spp 
9 Acacia erubescens Acacia tortilis 
10 Dichrostachys cinerea 
11 Lonchocarpus capassa 
* Latin name could not be found. 
Table 2.9: Preference ranking of browse species for goats 
Ranking Group 1 Group 2 Group 3 
1 Acacia tortilis Acacia tortilis Acacia tortilis 
2 Bonscia albitrunca Acacia nilotica Sclerocarya birrea 
3 Ziziphus nucronata Dichrostachys cineria Bonscia albitrunca 
4 Colophospernum mopane Ziziphus mucronata Grewia monticola 
5 Combretum hereroense Acacia erubescens Dichrostachys 
cineria 
6 Grewia monticola Bonscia albitrunca Acacia erubescens 
7 Sclerocarya birrea Umpawa* Ziziphus 
mucronata 
8 Pappea capensis Gardenia spp 




*Latin name could not be found. 
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Figure 2.3: Calendar of browse utilisation for cattle as reported by farmers for Groups 3 and 4. 
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2.4.2. Browse assessment 
Mopane was the most abundant species on the Bidi village rangeland (Table 2.10, 
2.11; F 2,40  77.9, P < 0.001; s.e.d. = 21 .87, p = 0.05). It had a higher tree density at 
all height classes, except for the 50 - 100 cm range, than the other 2 browse species 
(F 8,40 = 6.425, P <0.001; s.e.d. = 48.89, P = 0.05). But, despite the non-significant 
difference on the 50-100 cm range, Mopane still had a higher density. Acacia 
species, though ranking second, was 10 times less abundant than Mopane. On the 
basis of its abundance, Mopane is expected to contribute most of the browse 
biomass. 
Most of the trees were in the height ranges 0— 50 cm and > 200 cm (Table 2.10; F 
4,40 = 7.175, P < 0.001). The other 3 height classes in between the two above had 
similar densities (s.e.d. = 28.25, P = 0.05), except 50 - 100 and 150 - 200 which 
differed from >200 cm. 50% of all the trees were below 1.5 metres height and 64% 
were below 2 metres in height. 94% of all the Corn bretum species were above 2 
metres in height making the browse (while still green) inaccessible to the smaller 
livestock. From the distribution of trees within height classes, goats would have 
access to browse in 50% of the trees, and more for cattle. 
The density of browse was very variable across the rangeland with the Maphisa site 
having a density about 5 fold that of the Dam site (Table 2.12, F 5.40 = 3.92, P = 
0.006; s.e.d. = 30.92, P = 0.05). 
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Table 2.10: Density of tree species (number per hectare) in different height classes (in centimeters) in Bidi. (Standard deviations are given 
in brackets). 
Browse species 0-50 50-100 100-150 150-200 >200 Overall density for 
species 
Proportion 
Acacia species 88.3 (96.5) 22.7 (37.1) 0.8(l.5) 0.2 (0.5) 11.0 (13.4) 123.1 0.084 
Cassia abbreviata 3.1 (3.5) 4.0 (3.7) 1.3(l.6) 0.6 (1.5) 0.8(l.0) 9.8 0.007 
Colophospermum mopane 265.8 (261.2) 84.0(49.8) 200.2 (119.5) 206.9 (158.9) 490.8 (280.5) 1247.7 0.848 
Combretum species 0.4(l.3) 0.0 0.4 (0.7) 0.2 (0.6) 22.2 (24.8) 15.8 0.011 
Dichrostachys cineria 11.7 (13.7) 0.2 (0.5) 0.0 0.0 0.4 (0.6) 12.3 0.008 
Grewia species 17.9 (27.6) 1.0 (2.0) 0.0 0.6 (1.0) 0.0 19.6 0.013 
Lonchocarpuscapassa 11.3 (14.1) 0.0 0.6(0.9) 0.0 0.0 4.0 0.003 
Ormocarpum trichorpum 6.3 (7.9) 0.0 0.0 0.2 (0.6) 0.0 5.4 0.004 
Other 20.8 (22.2) 2.3 (2.4) 0.5 (0.7) 0.0 5.5 (5.4) 24.2 0.016 
Sclerocarya and Azanza 0.4 (0.7) 0.0 0.0 0.0 1.3(l.3) 0.8 0.001 
Ziziphus mucronata 7.2 (11.9) 1.6(2.4) 0.0 0.0 1.3 (2.5) 6.7 0.005 
Overall density for height class 418.5 114.8 203.3 208.8 524.0 1469.4 
Proportion 0.285 0.078 0.138 0.142 0.357 
Table 2.11: Tree densities of Mopane, Acacia species and Combretum species within 
5 height classes. 
Height class Acacia species Mopane Combretum species 
0 - 50 cm 88.33 265.83 0.42 
50 - 100 cm 22.71 83.96 0.00 
100-150 cm 0.83 200.21 0.42 
150-200cm. 0.21 206.88 0.21 
>200 cm 11.04 490.83 14.79 
s.e.d. 48.89 
Table 2.12: Tree densities (number per hectare) of Mopane, Acacia species and 
Combretum species in the 6 assessed sites. 
Site Acacia species Mopane Combretum 
species 
Mean density 
Chief 53.00 132.00 0.00 61.67 ac 
Dam 37.00 58.50 1.00 32.17k' 
Maphisa 6.25 437.25 0.50 148.00" 
Moyo 16.00 227.25 7.50 83.58 ad 
Puti 0.75 279.25 10.00 96.67' 
Tilco 34.75 363.00 0.00 132.58 eb 
s.e.d. 53.56 30.92 
The 3 browse species assessed also had different densities at all site except Chief and 
Dam sites (Table 2.12, F 10,40 = 5.15, P <0.001; s.e.d. = 53.56, P = 0.05) implying 
that the density of trees varied across the rangeland and, therefore, the browse 
biomass. 
The height distribution of trees was the same in all sites (F 20,40 = 1.43, P = 0.17) 
showing equal access to green material. 
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2.4.3. Livestock monitoring study 
2.4.3.1. Activity pattern 
Animals were able to maintain the proportion of time they spent feeding from the 
late-wet to the dry seasons (Figure 2.5; F 3,12 = 1.5, p = 0.3). Cattle and goats also 
spent a similar amount of time feeding (F 1.12 = 2.6, P = 0.1) in all seasons (F 1,12 = 
0.1, P = 0.96). Animals increased the amount of time they spent walking from the 
late-wet to the dry seasons (Figure 2.5; F3 ,24 = 10.83, P<0.001; s.e.d. = 0.0270, 
P=0.001). Cattle walked for an average of 2.7 km (range 2.65-2.74) during early dry 
season and goats walked for and average of 6.7 km (range 5.06 - 8.98). 






Late-wet 1.368 1.395 23.3 24.8 
Early-dry 0.704 0.527 5.1 3.4 
Late-dry 0.381 0.690 2.4 4.9 
Late-dry (2nd  year) 0.738 0.5 17 5.5 3.3 
s.e.d. 0.2681 
In the early-dry season, cattle concentrated a significant proportion of their feeding 
time on stover (Figure 2.6). The stover was in fields much closer to the homestead 
explaining the shorter distance walked by the cattle (2.7 km). Goats, on the other 
hand browsed more and walked for longer to access browse. Cattle and goats 
allocated a similar proportion of time to walking during the late-wet season, but in all 
subsequent seasons, the proportions for cattle and goats differed significantly (Table 
2.13; F3 ,24 = 7.17, P<0.01; s.e.d. = 0.038 1, P=0.01). 
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Figure 2.5: Seasonal time budgets of free-ranging cattle and goats 
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Figure 2.6: Changes of proportion of feeding time spent grazing, browsing 














During the late-wet season, there were more feed resources available to the animals, 
this resulted in more feeding and less walking (i.e. a large feeding to walking ratio, 
Table 2.13, Figure 2.5; F3 , 12 = 6.37, P<0.008; s.e.d. = 0.2256, P = 0.01). 
2.4.3.2. Relationship between time spent browsing and time spent grazing 
Whereas cattle spent most of their feeding time grazing, goats spent most of theirs 
browsing making the goat browsing to grazing ratio greater (Figure 2.6; Table 2.14; 
F 122 = 391.60, p = 0.001) in all seasons (F 3 ,22= 11.60, P <0.001; s.e.d. = 0.1299, P = 
0.001). Stover is a seasonal resource which was important during the early-dry 
season. The animal species differences were greatest during the early-dry season 
when cattle spent more than half of their feeding time on stover. Because of this, the 
cattle's grazing time was reduced by more than half from the late-wet to the early-dry 
season. Goats, however, spent only a sixth of their feeding time on stover, reducing 
the grazing time by 7 times from the late-wet to the early-dry season, while 
increasing their browsing time. 
Table 2.14: Predicted means of the ratio of browsing to grazing for cattle and goats 
in different seasons. 




Late-wet -1.337 0.185 0.046 1.531 
Early-dry -0.949 1.177 0.112 15.031 
Late-dry -1.026 0.997 0.094 9.931 
Late dry (2td year) -0.815 0.403 0.153 2.529 
SED 0.1299 
Note: if ratio is greater than I, there was more time spent browsing, if the ratio was less than I, then more time 
was spent grazing. 
Despite the inclusion of stover in the feeding activities during the early-dry season, 
the ratio of browsing to grazing was the same as during the late-dry season when 
there was no stover in the fields, (F3.22 = 30.27, P <0.001; s.e.d. = 0.0866, P = 0.05). 
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2.4.3.3. Grass and browse species utilised 
Grass 
The proportion of time spent grazing Ab (Aristida barbicollis) was different between 
seasons (Figure 2.7; F 3 , 8 = 5.07, P <0.05; s.e.d. = 0.7754, P = 0.05). Although Ab is 
used by both cattle and goats in all seasons, they allocate different proportions of 
time to it within a season. During the late-wet season when the leaves where still 
green, goats had a higher proportion of time spent grazing Ab than the cattle, and 
cattle had significantly higher proportions for all the other seasons (F3, 8 = 8.27, P < 
0.01; s.e.d. 0.6713, P = 0.05). 
There were no significant seasonal or animal species effects on the utilisation of Cd 
(Cynodon dactylon). Cd forms a carpet around the dam, mainly, giving a low source 
of green herbage. 
The proportion of time spent feeding on Er (Eragrostis rigidior) changed in all 
seasons; reducing from the late-wet to the late-dry season in 1999 (F 3 , 8 = 10.20, 
P<0.01; s.e.d. = 0.5604, P<0.05), reflecting a reduction in biomass rather than a 
change in preference per Se, and so use does not necessarily reflect preference. 
During the late wet and early-dry seasons cattle spent more time on Er than goats 
(F3,8 = 7.9, P <0.01; s.e.d. = 0.6855, P = 0.05). 
There was no fixed relationship between utilisation of Cd and Er with Ab, the most 
abundant species on the rangeland (Cd or Er: Ab ratio) (Figure 2.7, Table 2.15; F 3 , 25 
= 9.20, P <0.001). During the late-dry season, relative utilisation of Ab was higher 
than in the early-dry season and the late-dry-2nd season (s.e.d. = 0.2680 P = 0.05). 
Cattle and goats allocated different amount of time to Er and Cd in relation to Ab in 
all seasons, and no one animal species had consistently higher values (17 4 ,25 = 16.98, 
P<0.001; s.e.d. = 0.3078, P = 0.05). So the proportion of grazing time allocated to 
Cd and Er was not dependent on Ab, but rather on availability. 
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AB - Arts/ida barbico/lis CD - cynodon dactylon ER - Eragrostis rigidior 
Table 2.15: Predicted means of grass species to Aristida barbicollis ratio. 
Animal 	Season Log means Untransformed means 
species CD ER CD ER 
Cattle 	Late-wet 0.029 0.148 1.069 1.406 
Early-dry -0.243 -0.128 0.572 0.745 
Late-dry -1.632 -1.779 0.023 0.017 
Late-dry (2nd yr) -0.462 -0.271 0.345 0.536 
Goats 	Late-wet -1.408 -0.949 0.039 0.112 
Early-dry -0.209 -0.235 0.618 0.582 
Late-dry -0.221 -0.548 0.601 0.283 
Late-dry (2nd yr) -0.081 0.674 0.830 4.721 
Sed 0.6855 
CD - Cynodon dactylon 	ER - Eragrostis rigidior 
Browse 
Mopane was common in both cattle and goats diets and its utilisation was consistent 
across seasons for cattle except for the late-dry season where its utilisation was 
lower, and goats were not observed utilising Mopane at all in that season (Figure 
2.8). This was mainly due to the low biomass caused by the mopane worms 
(Gonimbrasia be/ma). Goats had a much higher diversity of browse species in their 
diets as compared with cattle (see also Appendices 2.2 and 2.3). Cattle only utilised 
the flowers of an Acacia species; otherwise they did not browse leaves from thorny 
species. All the species which cattle consumed were broad-leaved (large leaves). 
More than half of the browsing time for cattle and goats consisted of the most 
abundant browse species on the rangeland (Figure 2.8). 
In the 3 seasons during which diameters to which twigs were bitten were measured, 
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of browsing on shoots with twigs for the cattle occurred during the early-dry season 
as well, and much less during the other seasons. The consumption of twigs from 
other tree species (Combretum apiculatum and Terminalia sericea) was negligible 
compared to Colophospermuin mopane. 
Cattle had larger bite diameters on Mopane than goats as expected (F 1 ,77 = 12.62, P < 
0.001). Twigs tend to become more fibrous as they get older, and also dry up, 
resulting in poorer quality and making them more difficult to sever. 
Table 2.16: Diameters (millimetres) (± standard deviation) to which twigs were 
bitten by cattle and goats. 
Browse species 	Animal Season Number of Mean 
species observations diameter 
of clip 
Colophospermum 	Cattle Late - Wet * * 
mopane Early - Dry 17 2.2 (0.73) 
Late — Dry 3 2.0 J1.00) 
Late - Dry (2' year) 9 1.8 	0.67) 
Goats Early - Dry 50 1.54 (0.50) 
Combretum 	Cattle 	Early-Dry 	 3 	 2.7(l.16) 
apiculatuin 	Goats 	Early-Dry 	 3 	 2.3 (0.58) 
Terminalia 	Goats 	Early-Dry 	 3 	 2.0(0) 
sericia 
* - Measurements were not taken for both cattle and goats in the Late-wet season 
A summary of plant parts utilised (besides fresh leaves that were most extensively 
consumed) on different browse species by cattle and goats is given in Table 2.17. 
From our observations, Acacia pods were limited to the diet of goats, and goats also 
used fallen leaves (FL) from a broader range of browse species than cattle. Fruit trees 
such as Azanza garckeana, Sclerocarya birrea and Sttychnos madagascariensis, 
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which are commonly found in arable lands also contribute some fallen leaves. Fallen 
leaves were most utilised during the late-dry season. Thus, there is resource 
differentiation at the plant part and browse species level between cattle and goats, all 
of which result in low diet overlap. 
Table 2.17: Plant parts (other than fresh leaves) utilised by cattle and goats on 
different browse species. 
Animal Browse species 
	Late-wet Early-dry Late-dry Late-dry (2 




































*FL - fallen leaves/leaf litter 
2.4.3.4. Diet characteristics and quality 
The crude protein (CP) was higher in browse and forbs than in grass and stover in the 
diets eaten by both livestock species in all seasons except for browse in late-dry 
season for cattle, since the sample mainly consisted of leaf litter (Table 2.18). The 
CP in grasses consumed decreased from late-wet to late-dry season in the same year, 
but was higher in late-dry-2nd. This was the same month but different years, and the 
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latter had received more rainfall that resulted in green material at that time of the 
year. 
The neutral detergent fibre (NDF) contents in browse and forbs eaten by the animals 
ranged between 36 and 58% and were lower than those of grass and stover (67 to 
84%). Goats had lower NDF and slightly higher CP compared to that of cattle in 
their stover which they ate because goats consumed bambara nut leaves (Voandzeia 
subterranea [Vigna subterranea], both Latin names are in use) which are known to 
be rich in nitrogen and phosphorus, and higher in quality than cereal (mainly maize) 
stover eaten by cattle. 
In Table 2.18, the item 'mixture' represents the overall diet of cattle and goats for the 
two seasons in which the samples representing the diets of animals were collected. 
For the diet, the CP for goats was higher than that of cattle, and the NDF was lower 
for goats in both seasons showing that goats selected better quality diets than cattle. 
No further statistical analysis was done because, due to sample bulking which was 
done before laboratory analysis, there was only one value for each sample type. 
The proportion of leaf in the grass selected by cattle and goats was lowest in the late-
dry season (Table 2.18). The difference in the proportion of leaf in the grass selected 
between cattle and goats was highest during the LD-2nd season. This is because 
cattle mainly grazed in fallow fields where higher grass biomass was available with 
more leaf. Goats did not use this habitat. 
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Table 2.18: Quality of diet , CP (%) and NDF (%), consumed by cattle and goats and the proportion of leaf in grass in different seasons. 
ANIMAL SEASON 	 BROWSE 	FORBS 	 GRASS 	 STOVER 	MIXTURE 
SPECIES 
CP 	NDF 	CP 	NDF 	CP 	NDF Proportion CP 	NDF 	CP 	NDF 
of leaf in 
grass 
Cattle 	Late-wet 10.23 56.17 12.89 56.69 6.78 77.84 0.42 2.31 	84.65 
Early-dry 10.94 48.41 8.56 57.86 4.56 79.79 0.34 3.40 	83.81 
Late-dry 4.93 2.65 81.01 0.34 3.00 76.78 
Late-dry (2' yr) 10.35 12.77 5.52 80.47 0.79 6.41 70.71 
Goats 	Late-wet 10.62 55.09 12.04 52.33 5.37 82.05 0.59 
Early-dry 8.80 53.10 8.51 55.28 5.41 80.52 0.38 4.84 	67.48 
Late-dry 9.48 36.65 4.11 0.29 8.30 44.83 
Late-dry (2nd  yr) 8.40 39.62 6.07 69.16 0.48 7.27 53.30 
Note: The samples were pooled resulting in one sample per category, and therefore one value for each. 
2.4.3.5. Diet composition and overlap 
Figure 2.9 shows the diet composition for the late dry seasons in 1999 and 2000. In 
both seasons, the cattle diet mainly consisted of grass, while that of goats was mainly 
browse (trees and forbs). During the late-dry-2nd season when more rainfall was 
received, there tended to be more forbs in the diets of cattle and goats, since there 
was more on the rangeland. 
Tables 2.19 and 2.20 show the diet overlap for individual grass and browse species 
during the seasons. There was a much narrower species range for grass compared to 
browse, resulting in overlap indices greater than 0 on most of the grass species. 
Aristida barbicollis had the highest overlap during the wet season. The number of 
browse species used by either cattle or goats increases during the dry seasons, 
although overlap is only limited to a few species with Mopane being the most 
commonly used in all seasons. 
The overlap for browse and grass varied with season (Figure 2.10). The values are 
generally low (less than 0.13) implying an absence of competition for resources. 
Browse values are lower than grass due to the fact that on browse, cattle and goats do 
not use all the same species (see Appendices 2.2 and 2.3). Higher overlap values 
were observed for grass than for browse probably due to the limited diversity of grass 
species on this particular rangeland. The grass index is lowest during the early-dry 
season when cattle are consuming stover. This suggests that a higher diversity of 
resource types allows a greater partitioning of resources resulting in low overlap, and 
therefore reducing the probability of competition. The low overlap indices on 
browse and grass resulted in a low overall diet overlap. The overall diet overlap was 
strongly influenced by the indices on grass resulting in a correlation of 0.90 between 
grass overlap index and the overall diet index. This is because cattle and goats diets 
overlapped on more grass species than browse, and with larger indices too. 
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Figure 2.9: Diet composition of cattle and goats during the dry seasons of 1999 
and 2000. 
Cattle Late-dry Goats Late-dry Cattle Late-dry Goats Late-dry 
	
2nd 	 2nd 
Animal species and season 
FED Grass • Browse 0 Forbs ES t 
Table 2.19: Diet overlap indices between cattle and goats on different grass species in 
different seasons. 
Grass species 	 Late-wet 	Early-dry 	Late-dry 	Late-dry (2nd year) 
Aristida barbicollis 0.25 0.04 0.08 0.08 
Cynodondactylon 0.02 0.01 0.12 0.05 
Chioris virgata 0 0.04 
Dichanthium papillosuin 0.01 0.01 
Eragrostisrigidior 0.09 0 0 0.16 
Heteropogon contortus 0 0.05 
Panicurn coloratum 0.05 0 0 
Panicu,n maximum 0.06 
Rhvnchelytrum nervig/une 0 
Themeda triandra 0 
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Table 2.20: Diet overlap indices between cattle and goats on different browse species 




Early-dry 	Late-dry Late-dry 
(2nd year) 
Acacia erubescens 0 0 
Acacia gerardii 0 
Acacia galpinii 0 0 
Acacia nilotica 0 
Acacia tortillis 0 0 
Azanza garckeana 0 0 0 
Bonsia albitrunca 0 
Co,nbretum apiculatum 0.04 0 0.02 
Cassea abbreviata 0 0 
Conbretun hereroense 0 0 
Cornbretun imberbe 0 
Forbs 0 0 0 
Gardenia spp 0 0 0 
Inofi (parasite) 0 
Lonchocarpus capassa 0.02 
Colophosper,num ,nopane 0.02 0.10 0 0.07 
Maytenus senegalensis 0 0 
Rhuspyroides 0 
Sclerocarya birrea 0.01 0 
Strychnos madagascariensis 0 
Solanum spp 0 
Ziziphus mucronata 0 0 0 
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2.5. DISCUSSION 
2.5.1. Abundance ranking and density of browse 
There is a concurrence between abundance ranking information (Table 2.3) and the 
range assessment data (Table 2.10) for the first 3 species (Mopane, Acacia and 
Combretum species). The differences in the densities of the trees in the sites which 
were assessed and the abundance rankings from different groups of farmers, 
respectively, show the heterogeneity of rangelands in dry communal areas and this is 
similar to observations made by Soones (1995) and Owen-Smith (1991). This is 
because most trees in savanna rangelands tend to be patchily distributed (Owen-
Smith, 1982). Most of the browse biomass was expected to come from broad-leaved 
species that constituted about 90% of the rangeland. Even when their densities are 
lower, broad-leaved species have higher total available biomass than fine leaved-
species (Pellew, 1980). 
The heights of the trees are important as they show the accessibility of browse when 
it is still green. Goats have been observed to reach a maximum browsing height of 
1.5 m (Owen-Smith and Cooper, 1987). The goats in the study area tended to climb 
trees, particularly Mopane, to reach browse above the browsing line increasing their 
accessible browse to more than half of the trees. Cattle could access browse above 
the browse line of goats (pers. obs.) reducing the probability of competition for 
resources below the goats' browsing height. 
2.5.2. Observation studies 
The six-hour observation period per day, although not covering the whole feeding 
day on the range, was considered to be qualitatively representative of the activities of 
free-ranging cattle and goats. During the late-wet season, this length of time 
represented the whole feeding time for goats and a bit less for the cattle. During 
other seasons, after 6 hours of observation, goats would go back to the homestead 
and wait to be penned. Cattle would have one more feeding bout in the late 
afternoon when it was cooler. 
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2.5.2.1. Seasonal changes in activity patterns of cattle and goats 
The actual proportion of time spent feeding is a function of forage availability, 
animal's feed requirements and the climate (Arnold, 1987a). Rangeland feed 
resources were at a low level of availability during the dry seasons (early and late-dry 
seasons) as is the trend in other southern African rangelands (Owen-Smith and 
Cooper, 1987). The animals were thus expected to increase their feeding time in 
response to the low range resources but the low feed availability on range was 
buffered by the access to stover in the fields during the early-dry season, particularly 
for cattle. Feeding time can be reduced by the provision of supplements, the 
magnitude of which will depend on the quantity provided (Arnold, 1987a). This 
could explain the slight reduction in feeding time in the late-dry season for cattle 
since they were being supplemented with cereal stover sprinkled with salt solution in 
the morning before being let out to graze. This could have been confounded by the 
high ambient temperatures during the afternoons, particularly for the cattle. 
The foraging behaviour also depended on the availability of other resources such as 
water. During the late-dry season, the only source of water was the dam that was 
further away from the homestead than seasonal water sources resulting in the animals 
increasing the proportion of time they spent walking. Scoones (1990) made a similar 
observation that, when seasonal sources of water dried up, the animals had to walk 
for longer distances to access it. The proportion of time spent walking was increased 
by reducing the time spent on other activities (resting/idling) in agreement with 
Dicko-Touré (1980b) while keeping the feeding time constant. 
In contrast, during the late-dry-2nd season, cattle did not have to walk far because 
they grazed in fallow fields (which had relatively more grass) which were close to the 
homestead. The other reason for not having to walk far was the fact that there were 
more sources of water with seasonal wells and ponds providing water nearby during 
the second LD season when more rain had fallen. Walking also ensured access to 
feed further from the homestead since resources close by had been exhausted. 
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Therefore, the location of feed and water resources can explain the proportion of time 
spent walking by animals (Homewood et al., 1987; Scoones, 1995) and the same 
season in different years can result in different responses depending on the available 
resources and their location. 
2.5.2.2. Feeding strategy of cattle and goats 
The feeding strategy of cattle and goats consisted of shifting between resource groups 
to the more abundant ones. These were browse and stover during the dry seasons of 
1999. 
2.5.2.2.1. Browse in the foraging strategy of cattle and goats 
Animals showed an ability to respond to low supply and poor quality of grass during 
the dry season by increasing browsing. Guanaco (Lama guanicoe) also alternated 
between grazing and browsing as seasons changed (Puig et al., 1996). Impala 
(Aepyceros melampus), in the Serengeti also showed a trend of grazing in the wet 
seasons and browsing in the dry (Jarman and Sinclair, 1979). In livestock systems, 
browse is normally supplementary to a herbage-based system and is intensively 
utilised when herbage is limiting in quantity or when protein level has dropped below 
maintenance (Harrington and Wilson, 1980). Therefore, season was an important 
factor creating a substitutive relationship between feed groups as observed in Acacia 
senegal savanna in East Africa (Stuth and Kamau, 1990). 
Goats are known to thrive on browse (Okigbo, 1985). Their reliance on browse was 
high during the dry seasons of 1999 (77 to 90 % of feeding time), and, therefore, low 
proportions of time were spent feeding on grass, and this was similar to Owen-
Smith's findings (1985). In Spain, feral goats also used browse more than they did 
grass throughout the year (Aldezabal and Garin, 2000). Similar observations were 
made with feral goats in the Scottish uplands (Bullock, 1985). 
Bayer and Otchere (1985) observed that cattle spent up to 12.6% of their time 
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browsing during the dry season. Scoones (1995) observed that in sandy areas, the 
browsing time rose from 2.6 to 13% of feeding time for cattle from the wet to the dry 
season, which is similar to our observations. The shift towards more browsing by 
cattle during the early-dry season (when grazing fell by more than 50 percentage 
units from the late-wet season) was delayed by the utilisation of stover in the arable 
lands, as well as the grass in the contour bunds. This grass has been observed to be an 
important feed resource for livestock elsewhere (Dicko-Touré, 1980b). An increase 
in browsing during the dry season was observed for cattle in Mexico by Gallina 
(1993) as well as in other ungulates in Africa (Pellew, 1984). Therefore, cattle 
tended to increase browsing when other feed resources were exhausted (stover) or 
reduced (grass) (see (Harrington and Wilson, 1980), explaining the variation in the 
utilisation of browse in the late-dry and late-dry-2nd seasons. In a drought year when 
production of stover can be insignificant, browse is likely to become an even more 
important resource for cattle. In our survey, farmers emphasised the importance of 
browse in livestock diets and how its utilisation varies with season and years (normal 
versus drought years). 
Browse species utilisation 
Mopane was extensively used and its importance during the dry season has been 
observed in Botswana for large mammalian herbivores (Styles et al., 2000). It also 
has the advantage of having high quality leaves (Styles et al., 1997). 
The wider array of browse species that goats used (Appendix 2.3) could be part of 
this species' strategy of combining different food types in an attempt to delay a 
seasonal decline in food quality, as also observed in impala (Jarman and Sinclair, 
1979) and in kudus (Owen-Smith, 1994). Some browse species that were avoided in 
the wet season, when there were more options, were consumed during the dry season 
(e.g. Strychnos madagascariensis) for their green leaves. 
Cattle, however, avoided thorny species, such as the Acacia species. The browse 
species they utilised were broad-leaved (larger leaf size in comparison to the Acacia 
species) species such as Combretum and Mopane. This pattern of selection for 
species was consistent in all seasons. One possible explanation is that broad-leaved 
species, due to their larger leaf size, provided an acceptable bite size. Cooper and 
Owen-Smith (1986) suggested that some browse species were rejected if they did not 
provide a certain minimum acceptable bite size. In a study with lemmings 
(Dicrostonyx groenlandicus) , Gross et a! (1993a) observed that when the plants were 
small , intake rates were reduced and sometimes the animals would stop feeding, 
further suggesting that selection of browse species by cattle could be based on the 
intake rates they can achieve. This has implications on how available resources 
should be evaluated. 
The importance of leaf litter as a feed resource was shown by the output from the 
meeting with farmers (FL in Figures 2.3 and 2.4), during the livestock observation 
studies and elsewhere (Stuth and Mnene, 1990; Owen-Smith and Cooper, 1987); 
Barnes, 1982). Therefore, most of the browse biomass which was above browsable 
height was used as fallen leaf during the dry season (see Owen-Smith, 1985). 
However, fallen leaves have about two thirds of the CP in intact leaves and their 
digestibility is also lower (Barnes, 1982) as observed with the cattle browse CP 
content during the late-dry season. 
Ut 
2.5.2.2.2. Stover in the foraging strategy of cattle and goats 
The importance of stover as a feed resource in dry periods as well as during droughts 
has been observed elsewhere (Scoones, 1992a). Bayer and Otchere (1985) observed 
that cattle could spend over 60% of feeding time on stover during the dry season, and 
that this activity was highly seasonal. The reason being that livestock had no access 
to the arable lands before the end of harvesting in the early-dry season as is the 
general practice in communal areas (Scoones, 1995). So the relative importance of 
stover varies with season (Sibanda, 1993), as well as the farmers' management 
practice. Although the farmers, whose livestock we used for the observation studies, 
stored stover for the dry season, not all farmers in Bidi practiced this. Thus, 
livestock with no stover supplementation during the late-dry season will be under 
greater nutritional stress and relying heavily on the browse, as the only green 
material. 
Both cattle and goats displayed an ability to respond, behaviorally, to environmental 
variation both in space and time, concurring with observations elsewhere (Owen-
Smith, 1982; Laca and Demment, 1991). This flexibility in resource utilisation 
meant that the animals could shift from less abundant to more abundant resources as 
the seasons changed and this concurs with observations on goats on an Acacia 
senegal savanna (Stuth and Kamau, 1990). The late-dry season was the worst of the 
dry seasons studied in terms of available feed resources, but the focal animals 
managed to maintain good body condition (pers. obs.). 
2.5.2.3. Diet quality, composition and overlap 
By using more browse (Figure 2.9), goats managed to maintain a diet of higher 
quality than did cattle (Table 2.18), particularly during the late-dry season when 
resources were most limiting and the quality of grass was at its lowest. Coppock et al 
(1986) also observed that diets of small herbivores had more CP and less fibre than 
those of large herbivores. The amount of protein in the diet of cattle and goats was 
very important since it is known to determine the amount of fibrous material that the 
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animals can ingest (Le Houerou, 1980). Quality of feed resources in late-dry-2nd 
season shows that the amount and distribution of rainfall is the main determinant of 
this variable (Scoones, 1995). 
The low dietary overlap was because cattle and goats spent different proportions of 
time on grazing and browsing, and when they were browsing or grazing, they were 
not using all the same species. Some species were utilised by a small proportion of 
the focal group of animals while others were not common to both animal species 
giving zero overlap on that species. The browse species they had in common were 
the most abundant reducing the probability of competition for these resources. Such 
differentiation in resource utilisation at the species level, within a functional group 
(such as browse or grass) can ensure more efficient utilisation of rangeland resources 
(Barnes, 1982). It also means that the probability of competition is low. 
Competition is determined by the density of the animals relative to the resource base, 
both spatially and temporally (Mysterud, 2000). So the assessment of diet overlap, 
and therefore inference of competition, is more important during the dry season when 
resources are most limiting. Other livestock species (sheep and donkeys) also utilise 




Cattle and goats utilised browse differently and their pattern of use changed with the 
season. Cattle spent a small proportion of time browsing and this depended on the 
availability of grass and stover. The responses to a season were not fixed from one 
year to another but were highly dependent on the rainfall quantity and distribution 
due to its effect on biomass production. The foraging strategies of livestock during 
the dry seasons were dependant on the availability of fodder banks (arable lands, 
stored stover, leaf litter) and continuous availability of browse on the range. 
Widening the resource base by introducing fodder banks could reduce the pressure on 
the rangeland resources during the dry seasons. 
However, after considering the output from the RRA and the observation studies, a 
couple of outstanding issues arose. Although cattle and goats use browse, the basis 
upon which some species are eaten and others rejected is not clear. In particular, 
cattle did not use thorny species, this could be because the thorns deterred them, or 
because the leaf biomass from these species appeared to be relatively low compared 
to that of broad-leaved species. This then leads to the question of how efficient 
(intake rate) are cattle and goats at utilising different browse species. Similarly, 
cattle are known to be bulk feeders, they are expected to utilise more grass than 
browse when resources are not limiting, but under what circumstances do they 
increase the amount of browse in their diets? In other words, we would want to 
understand how both cattle and goats would change their utilisation of browse and 
grass, when relative availability is varied. These issues set the basis for the 
experimental work reported in subsequent chapters where the intake of different 
browse and grass species were assessed, and the foraging behaviour of cattle and 
goats was studied under conditions of different resource availability. 
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Summary 
• During the dry season, goats responded to a reduction in grass biomass and 
quality on rangeland by increasing the proportion of time they spent browsing. 
They achieved this through expanding the browse species they utilised to include 
those that had been avoided in the late-wet season. This ensured that they 
consumed diets that were higher in crude protein and lower in fibre than those of 
cattle. 
• The cattle also responded to the reduction in grass biomass by substituting grass 
with stover, a bulk food resource, which took more than half of the feeding time 
during the early-dry season. They continued to benefit from stover during the 
late-dry season as a supplement and slightly increased their browsing activity. 
The presence of stover in the fields seemed to delay an increase in browsing by 
cattle. Stover was not as important for goats as it was for cattle. 
• When cattle browsed, they selected broad-leaved species (large leaves) and 
avoided species with thorns (Acacia species, Dychrostachys cineria). The 
possible reason being that they might have been deterred by the presence of 
thorns as well as the relatively smaller leaves. Goats were not restricted in the 
types of browse species they consumed (broad-leaved versus thorny species), and 
in fact increased the utilisation of Acacia species during the dry seasons. 
• Browse could be utilised in different forms, green leaves, dry leaves, pods and 
flowers. Therefore, the browse that was beyond browsing height during the late-
wet season was consumed as fallen leaves (leaf litter). 
• The diet overlap, which is a summation of the overlap on the different species 
utilised, was generally low. The main reason was that, for browse, cattle and 
goats did not have many species in common in their diets because the range of 
species which cattle utilised was very narrow, in contrast to that of goats. The 
utilisation of stover during the early-dry season reduced the pressure on the grass 
resource as shown by the lower index, supporting the case for diversity of 
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resources. 
. The dry season strategies were not limited to ensure a supply of food, but water 
resources were limited as well. They had to walk for a longer time to get water, 
and since they had limited feeding time, this was done by reducing resting time, 
while maintaining feeding time. 
• The study showed that the seasonal strategies of cattle and goats depended on the 
presence of alternative food resources, and the animals responded differently 
during the dry season. Browse and stover were important dry season resources, 
so were different key resource areas such as fallow fields and contour lines. 
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CHAPTER 3 
INTAKE OF BROWSE AND GRASS BY CATTLE AND GOATS 
3.1. Introduction 
There is wide variation in the way in which vegetation resources are utilised by 
different animal species but the reasons for this variation are poorly understood 
(Owen-Smith, 1982). This is true at a range of scales from plant community through 
to plant parts. The variation in utilisation could be due to the way in which animal 
species respond to plant morphological characteristics such as thorns, other types of 
spines and leaf density in browse species (Cooper and Owen-Smith, 1986) and height 
and stemminess in grass (O'Reagain and Owen-Smith, 1996; Ruyle et al., 1987), or 
the presence of chemical compounds such as tannins in browse (Brooks and Owen-
Smith, 1994) and silica in grass, among other things. Although plant morphology 
and chemical composition are considered to be defenses against herbivory (Belovsky 
and Schmitz, 1991), it is not clear how and when they limit intake rate (Myers and 
Bazely, 1991) and whether they have different effects on animal species, which differ 
in size and feeding habits. The major effect is likely to be through imposing 
limitations on bite size or bite rate, and this impact may differ for animals which are 
more or less selective while grazing. 
This study focuses on plant physical defenses with the aim of understanding the 
mechanism by which instantaneous intake rate (IIR) is limited by plant defences and 
how different animal species exploit grass and browse species. The information can 
be used to explain and predict the selection patterns of cattle and goats in a free-
ranging environment. Different management interventions can then be used to 
enhance the efficiency of utilisation of rangeland resources (Ginnett et al., 1999). 
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3.1.1. Instantaneous intake rate (IIR) 
To gain an understanding of the effects of plant characteristics on intake rate, the 
foraging behaviour components which affect intake rate have to be defined, since any 
mechanism of deterring herbivory will have an impact on some or all of these 
components (Figure 3.1). 
Figure 3.1: A model of the components of instantaneous intake rate. 
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Instantaneous intake rate is short-term intake rate where short-term is measured in 
seconds or minutes. During daily feeding, animals may feed on a number of patches 
achieving a range of hR, the average of which, after accounting for time moving 
between patches, will give the daily intake rate, which is a long-term intake rate. hR 
becomes an appropriate measure in the study of mechanisms underlying the 
behaviour of animals when feeding on different resources because, it is limited by 
two factors, bite size and bite rate (Ungar, 1996) (Figure 3.1), both of which can be 
measured under a controlled environment. Any deterring effect of the plant physical 
or chemical characteristics will either reduce the bite size and/or bite rate of the 
animal and, depending on the extent of the effects, may result in a reduced HR. 
3.1.1.1. Bite size 
Several studies have shown higher correlation coefficients between bite mass (bite 
size) and instantaneous intake rate than between bite rate and ER (Black and Kenney, 
1984; Forbes, 1988; Ungar, 1996; Haschick and Kerley, 1997) and as such the factors 
that affect bite mass have a greater influence on the hR of the animals (Spalinger and 
Hobbs, 1992). Bite mass is limited by characteristics of the plants (Black and 
Kenney, 1984; Ungar et al., 1991) as well as the mouthparts of the animal (Gordon, 
1996). Bite mass does not only affect dry matter intake rate, but it also has 
implications for the quality of feed consumed. For both grass and browse, bigger 
bites are usually poorer in quality than smaller ones (Shipley et al., 1999) since, in 
general, a large bite implies moving into the lower horizon of a tuft which is poorer 
in quality that the top horizons. Similarly, Saether (1990) noted that the dry weight 
of browse species increased with the diameter of clip, but, since digestibility is 
negatively correlated to diameter of clip, the quality of browse reduces with bite 
mass. So when animals are feeding, they may not necessarily maximise on bite size 
but rather compromise so as to optimise nutrient and dry matter intake rates (Vivas 
and Saether, 1987). 
3.1.1.2. Bite rate 
Bite rate is the rate of cropping the vegetation and is inversely related to bite size 
(Ungar, 1996) since animals compensate for small bite sizes by increasing their bite 
rate in an attempt to maintain intake rate. Bite rate is limited by the rate at which 
food can be processed in the mouth prior to swallowing (Spalinger and Hobbs, 1992) 
such that when the animal takes a small bite, this is processed much faster clearing 
the way for the animal to take the next bite, and vice-versa for large bites. 
Processing also depends on the fibrousness of the vegetation (Owen-Smith, 1982) 
and the molar surface area of the animal (Perez Barberla and Gordon, 2000). Food 
with high fibre content will need more processing to reduce the particle size before 
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swallowing. A larger molar surface will facilitate food comminution resulting in 
increased food intake rate. So large animals (e.g. cattle) are expected to have larger 
molar surfaces than smaller ones (e.g. goats), resulting in faster processing rates and, 
therefore, higher intake rates because bite rates are less limited by bite size. 
Bite rate can also be limited by the presence of physical deterrents (Belovsky and 
Schmitz, 1994) through increasing handling time (cropping and chewing/processing 
time), and animals are not usually capable of fully compensating for reduced bite 
size. 
3.1.2. Functional response 
The functional response of an animal is its intake rate in relation to food availability 
(Ungar, 1996). It is a function of the animal's mouthparts and abundance of food. 
Animals are faced with different conditions of availability and this results in the 
responses following any of the three processes according to Spalinger and Hobbs 
(1992). The processes are described by models that respond to three patterns of plant 
availability: 
Process 1 - spatially dispersed apparent plants 
Process 2 - spatially dispersed, non-apparent plants 
Process 3 - spatially concentrated plants 
Process 1 is where the animal has to move to a new location within a patch to detect 
another food item. Since food items are hidden, the animal has to search for them 
and intake rate depends on the bite size and rate of encounter; searching for food and 
handling it may overlap in time. Process 2 differs from 1 in that the animal can 
detect dispersed bites at a distance and can move directly to them. Therefore intake 
rate depends on the bite size, foraging velocity and the density of bites. Process 3 
occurs in a food-saturated patch where bite density is very high, tending towards 
infinity. Intake rate then depends on the bite size, processing and cropping rates. In 
other words the time required to crop and chew a bite exceeds the time required to 
find another one. The Spalinger and Hobbs' theory (1992) thus offers an opportunity 
to study the mechanisms by which different plant characteristics affect intake rate of 
resources. 
Illius et a! (in press) showed that animals feeding on different browse species (offered 
as branches) followed the process 3 model of Spalinger and Hobbs (1992). In this 
model instantaneous intake rate is controlled or limited by bite size and bite rate (as 
discussed above); and the time to crop a bite (T) when no chewing takes place and 
maximum processing rate (the maximum rate of processing of plant tissue in the 
mouth that would occur in the absence of cropping). In turn, bite rate is limited by 
the cropping time per bite as well as the maximum processing rate as shown in the 
model in figure 3.1. Therefore, the maximum processing rate (Shipley et al., 1994) is 
a function of the chewing investment (chews per unit bite weight) or chewing effort 
(amount of plant material processed per chew), the maximum chewing rate (chews 
per unit time) and animal size. 
3.1.3. Browse and grass characteristics, and their effects on the functional 
response of animals 
Browse and grass species have different physical structures which may act as 
deterrents to herbivory (Cooper and Owen-Smith, 1986; Ruyle et al., 1987; Belovsky 
et al., 1991; Mitchell et al., 1991; Haschick and Kerley, 1997; Ginnett et al., 1999). 
Deterrents can cause a significant reduction in IIR and may in turn influence the 
selection of plant species on rangeland. These are briefly discussed in relation to the 





The presence of thorns or spines can affect intake rate by either reducing bite rates, as 
hypothesised by Spalinger et al (increased handling time: 1988) and/or reducing bite 
size, (Belovsky and Schmitz, 1994). Belovsky et a! (1991) found that thorns reduced 
rate of biomass ingestion for 5 herbivore species. In a different study by Haschick 
and Kerley (1997), goats (Capra hircus) and bushbuck (Tragelaphus scriptus) had 
restricted bite sizes on species with spines. Animals would, therefore, be expected to 
avoid species with thorns and spines when feeding under free-ranging conditions. 
But the responses by animals to spines have not been consistent (Cooper and Owen-
Smith, 1986; Lindroth, 1989). Different herbivores have shown substantial 
preference for thorny species even in the presence of broad-leaved unarmed species 
(Cooper and Owen-Smith, 1986). Small animals have smaller mouths that can reach 
the leaves without being pricked by thorns, but, bigger animals such as cattle are less 
able to manipulate branches with thorns and this increases the cropping time per bite. 
Larger animals should, therefore, be affected more by thorns than smaller ones. 
Therefore, effectiveness of thorns and spines is not always clear and can be 
considered as conditional depending on the body mass of the animal and the 
characteristics of the other plants available (Belovsky and Schmitz, 1991; Belovsky 
and Schmitz, 1994). 
In studies on Acacia tortillis, Brooks and Owen-Smith (1994) observed that the 
length and type (straight and hooked) of the thorns varied with the age of the tree, 
however, they were not conclusive as to the implications for plant defenses since the 
mechanism by which these types of thorns defended the plant from herbivory was not 
known. This suggests that thorns and their effects on herbivory cannot be 
generalised. 
The lack of clarity as to when and how thorns are effective defenses against 
herbivory is a gap in the understanding of plant physical defenses. It is important to 
study thorns and spines since they tend to characterise woody plants which are highly 
nutritious, for example the African acacias (Owen-Smith, 1982). 
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Leaf size 
Hervey (1989, cited by Koerth and Stuth, 1991) found that mean leaf size, among 
other factors, was highly correlated with instantaneous intake rate of browse by deer 
and goats. Cooper and Owen-Smith (1986) have suggested that some browse species 
are rejected due to a failure to provide a minimum acceptable bite size, since the 
leaves are too small and of a low weight. Similarly, lemmings (Dicrostonyx 
groenlandicus) stopped feeding when the plants on offer gave them small bite sizes 
(Gross et al., 1993a). Small leaves take longer to crop, increasing handling time per 
bite. 
Cooper and Owen-Smith (1986) have also suggested that the effectiveness of spine 
defenses depend on the leaf size of the plant. Leaves that are longer than the spines 
will be poorly defended than those that are shorter since animals can bite off the leaf 
without experiencing much discomfort due to the presence of the thorns. So 
Belovsky and Schmitz (199 1) have advocated a broad approach in which all the plant 
defenses (physical and chemical) are considered for a particular area since they work 
together to deter herbivory. Such an approach can only be taken when the way in 
which the different defense systems work is understood. 
Leaf density 
The leaf density varies from one browse species to another, and also within a species 
in space (on different trees or on the same tree) and in time (Myers and Bazely, 1991; 
Puig et al., 1996). Since bite size is affected by the bulk volume, when the density of 
leaf is low, the weight of leaf occupying a volume of space is reduced, resulting in 
smaller bite sizes. Although, under low leaf density animals may increase their biting 
area by extending their tongues (Ungar, 1996), the structure of browse leaves (length 
and spatial arrangement on a branch) does not make this as feasible as in the case of 
grass. Thus a variable such as leaf density will have a significant impact on the 
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intake rate due to its effect on bite size which is highly correlated with intake rate. 
It is, therefore, not possible, with the present knowledge of the responses of different 
animal species (small and large) to thorns, and varying leaf densities and sizes, to 
predict the potential efficacy of plant defenses against herbivory. Further, despite the 
importance of browse (since it dominates most communal area rangelands in 
Zimbabwe, see chapter 2), there has been no evaluation of the intake efficiencies of 
browse species common in the semi-arid environment of Zimbabwe by cattle and 




Stems hold the reproductive part of grasses and they tend to become tougher as the 
seasons progress from the wet to the dry season, this and the changes in grass leaves 
(reduced crude protein, increased fibre content) leads to the decline in grass quality 
during the same period in tropical conditions (O'Reagain and Owen-Smith, 1996). 
Stemminess increases with sward height - thus as grass matures, the proportion of 
stems increases. The vegetative stage of the grass lasts for a short time and animals 
have to meet their requirements from grass tufts that have reproductive stems. 
The effectiveness of stems as a deterrent to herbivory depends upon whether or not 
the stems are still green or dry, and, therefore, relatively easier or harder to sever, 
respectively. Secondly, the position of the stem in relation to the leaf component of a 
tuft may determine the ease with which animals access leaf, which is of better quality 
than stem. Some grasses have the stems growing in the middle of the tuft, while 
others have the leaves tightly bound to the stem. 
Some studies looked at the effects of stems on intake rate and its components. Stems 
and standing dead material have been shown to deter grazing in some animal species 
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(Willms et a!, 1980, Norton et al, 1982, cited by Ruyle et al., 1987) resulting in 
increased handling time, therefore reducing bite rates. Stems act as a barrier resulting 
in reduced bite mass (Prache et al., 1998). When steminess was subjectively 
measured, bite size had a positive correlation with stemminess (O'Reagain et al., 
1996). This implies a lack of selectivity in the presence of stems. Stemminess is an 
important component to study and it has implications for the effective utilisation of 
swards, especially if the animals are constrained by time and or quality. 
If animals have the objective of maximising the quality of their diet, they might have 
to restrict their bite depths on plants with stems. This is particularly the case for 
small herbivores such as goats and sheep. On the other hand, if the animals consume 
more stems due to a higher bite depth, this will reduce daily intake since lower 
quality materials require more retention time in the gut (Van Soest, 1983). 
Sward Height 
O'Reagan et a! (1996) saw that bite size and intake rate were both correlated with 
plant height in one year but not in the other. This suggests that the response to sward 
height might not be consistent. 
Bite depth is influenced by leaf and stem arrangement within a sward (Hodgson, 
1985). Greater bite depth may extend to the pseudostem and dead material reducing 
the quality of material consumed (O'Reagain and Owen-Smith, 1996). Most 
mechanistic understanding of intake on grass swards comes from temperate swards 
which might have different structural characteristics and therefore, animals may 
forage from them differently (see Ungar, 1996). Tropical grasses need to be studied 
and the mechanisms by which intake is limited or controlled understood. 
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The objectives of the experiments were: 
• To determine the instantaneous intake rates of cattle and goats on different 
browse and grass species. 
• To determine the bite size, bite rate and chewing effort by cattle and goats on 
different browse and grass species. 
• To assess the effects of spinescence and leaf density in browse species on bite 
size, bite rate, chewing effort and therefore instantaneous intake rate. 
• To assess the effects of stems and plant height in grasses on bite size, bite rate, 
chewing effort and instantaneous intake rate. 
• To estimate the parameters in functional response (process 3) - cropping time (h) 
and maximum processing rate (R) for cattle and goats on different browse and 
grass species. 
Hypotheses: 
• Characteristics of browse and grass affect the foraging efficiencies of animals. 
• Cattle and goats have different foraging efficiencies on browse and grass. 
In this case, foraging efficiency is the instantaneous intake rate, the assumption being 
that the animals, in the short-term, aim to maximise their dry matter intake rates. 
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3.2. MATERIALS AND METHODS 
3.2.1. Experiment 1: Intake of browse by cattle and goats 
3.2.1.1. Browse species 
Eight browse species (listed below) were selected from a paddock at Matopos 
Research Station. The browse species had been observed by local livestock herders 
being browsed by livestock, mainly goats and were available in adequate amounts to 
run an experiment. 
 Acacia karoo (Ak) 
 Acacia gerardii (Ag) 
 Combretum apiculatum (Ca) 
 Dichrostachys cinerea (Dc) 
 Grewia monticola (Gm) 
 Rhuspyroides (Rp) 
 Securinega virosa (Sv) 
 Ziziphus mucronata (Zm) 
Acacia karoo (Ak) is one of the most wide spread trees in Africa and occurs in 
different habitats. It is frost and drought resistant and can grow up to 15 metres tall. 
Animals can eat its leaves, flowers and pods. It has leaves with 2 to 7 pinnae and 
each bears 8 to 20 pairs of oblong leaflets which are 4 to 7 by 1 to 3 millimetres in 
size. Ak has spines at the base of the leaves. These are considered to be severe and 
can be up to 7 cm long, but occasionally go up to 17 cm. 
Acacia gerardii (Ag) is found on the western half of Zimbabwe. It is a shrub and can 
grow to 8 m tall. Its leaves contain over 17% crude protein. The leaves have 5 to 12 
pairs of pinnae, with 10 to 28 pairs of leaflets of 3 to 7.5 by ito 2 mm in size. It has 
stout spines at the base of the leaves and these are usually short (about 10 mm) but 
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can grow to 5 or 6 cm in length. 
Combretum apiculatum (Ca) is found all over Zimbabwe except the eastern 
highlands. It is a tree of 3 to 10 m in height. The leaves are obovate-elliptic, oblong 
or broadly ovate. They are between 3 to 13 by 1.5 to 8 cm in size. They are thinly 
leathery and young leaves can be sticky and glutinous. 
Grewia monticola (Gm) is a shrub that is found all over Zimbabwe. It can grow up 
to 8 m tall. The leaves are obliquely elliptic-oblong, and are between 2.5 to 9 by 1 to 
5 cm (usually 5 by 3 cm) in size. They are leathery and finely hairy on both sides 
giving them a rough texture. 
Dichrostachys cinerea (Dc) is an Acacia-like tree 5 to 6 in in height. It is also found 
all over Zimbabwe and often forms secondary bush in poor soils. The leaves are 
bipinnate with 4 to 13 pinnae, with up to 27 pairs of leaflets. They are between 4 and 
8 cm long. Leaflets are obovate and up to 10 by 3 mm in size. Dwarf lateral shoots 
are modified to form compact, strong alternate spines. The spines are 8 to 10 cm 
long and may have leaves at the base. 
Ziziphus mucronata (Zm) is located in most parts of Zimbabwe. It is a medium sized 
tree that grows to 9 in height. It has ovate to broadly ovate leaves that are 2.5 to 8 by 
1.9 to 8 cm in size. It has strong stipular spines; one straight and the other curved. 
Leaves grow between the 2 thorns. 
Rhus pyroides (Rp) is often a shrub and can grow up to 5 in height. The leaves are 
trifoliate, and the leaflets are variable in shape from lanceolate to obovate. The 
terminal leaflet is 3 to 8 by 1 to 2.3 cm. The lateral leaflets are shorter. The leaves 
have velvet hairs. The species often bears stout thorns. 
Securinega virosa (Sv) is found all over Zimbabwe and is a many-stemmed bushy 
shrub of 2 to 3 m in height. The leaves are alternate, simple, crowded along the 
branchiets and thinly textured. They are elliptic to obovate and are usually 2.5 by 1.5 
cm but may go up to 6 by 3 cm in size. 
Branches of the browse species were cut every morning for the duration of the 
experiment so that they were fed as fresh. 
3.2.1.2. Animals and animal training 
Eight steers and eight kapaters (castrated goats) with an average weight of 339 (range 
305.5 - 370.5, standard error (s.e.) = 13.9) kg and 24 (range 21.5 - 26.5, s.c. = 1.0) 
kg respectively, were drawn from the Matopos Research Station stock. 
For 14 days prior to the trial, animals were brought into an individual pen measuring 
2.5m X 3m and offered branches of each browse species from the species listed 
above. Animals were offered a species that they readily consumed at the beginning 
and end of each training session. The pen used was indoors, shaded from the sun and 
with good aeration. During training, there were three people present to allow the 
animals to become accustomed to human presence. Four cattle and four goats were 
selected based on their temperament, response to both feeding and human presence. 
Since all the goats were similar in their feeding habits as well as temperament, the 
four goats used in the trial were then selected based on their similarities in weights. 
Prior to the experiment, they were fed on browse species similar to those in the trial 
and also allowed to graze. During the whole of the experimental phase, the livestock 
were starved overnight to ensure that they fed during the trials. Kraaling animals 
overnight with no access to food is a normal practise in communal area animal 
management (Scoones, 1990). They were allowed to graze during the day, after the 
trials. Water was available in the pens at night and during the day while grazing. 
During acclimatisation, we established that goats were distracted by the presence of 
another goat in the adjacent pen, while cattle showed agitation if there was no 
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companion animal. Therefore, during the experiment, there was a companion animal 
(in the adjacent pen) for the cattle only. 
3.2.1.3. Experimental design and Treatments 
The experimental design was a 3 browse treatments by 4 replicates by 2 species of 
animals; with 4 animals per species and 8 levels in 2 of the browse treatments and 6 
levels in the third. This resulted in 704 trials. The trials were conducted for sixteen 
days (excluding the fourteen-day training period). Each of the 4 replicates took four 
days to complete. 
The experiment had 3 treatments (Trt) listed below: 
Trtl - The normal branch (control treatment) 
Trt2 - Branch at half leaf density (HL) (with thorns for those species which had 
thorns) 
Trt3 - No thorns (NT) 
Trtl was the control treatment where the branch was offered to the animal without 
any prior manipulation to it. In HL, half of the leaves were removed by plucking off 
every alternating leaf or leaf cluster to achieve an even and sparse distribution of 
leaves. In NT, thorns or spines were removed from all species that had them. Gm 
and Ca have no thorns and, therefore, there were only 6 species in this treatment. 
3.2.1.4. Pairing of browse species 
During the feeding trial, all animals were fed on the same 2 browse species per day. 
The order of feeding the 2 species per animal was random, so was the order of 
treatments within a browse species. Therefore, the browse species had to be paired in 
a balanced manner. To do this, the browse species were split into four groups of two 
each. The eight species were subjectively ranked according to how thorny they were 
and blocked into two groups of very thorny and another of less thorny/no thorn 
species. These were then paired such that a very thorny species was paired with a 
less thorny/ no thorn species. The resulting pairs are shown in Table 3.1. 
Table 3.1: Browse species pairing for the four replicates. 
Replicate 1 Replicate 2 Replicate 3 Replicate 4 
AkvsGm AkvsCa AkvsSv AkvsRp 
Ag vs Ca Ag vs Gm Ag vs Rp Ag vs Sv 
Dc vs Rp Dc vs Sv Dc vs Ca Dc vs Gm 
Zm vs Sv Zm vs Rp Zm vs Gm Zm vs Ca 
Ak - Acacia karoo 	Ag Acacia gerrardii Ca - Combretum apiculatum Dc - Dichrostachys cineria 
Gm - Grewia monticola Rp - Rhus pyroides Sv - Securinega virosa Zm - Ziziphus mucronata 
Within a replicate, there was a random selection of a pair to use each day such that at 
the end of the period, all four pairs had been used (see summary in Appendix 3.1). 
3.2.1.5. Feeding trials 
Measurements 
For each trial, 2 branches of a browse species were used. One was offered to the 
animal to eat and the second branch, similar in structure to the offered branch, was 
left lying in the same environment (transpiration loss) and later used to estimate 
weight loss due to transpiration on the offered branch. These two branches (offered 
(or browsed) and transpiration loss) were weighed before and after feeding to the 
nearest tenth of a gram. The value for transpiration loss was used to correct intake 
for loss due to transpiration. 
The branches offered to goats were horizontal to the ground at 80-cm height and 
those to cattle were at 130-cm height (Plates 3.1 and 3.2). These heights were chosen 
after some preliminary trials to determine the level at which cattle and goats would 
be able to browse comfortably without stretching. The branches were put in a metal 
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pipe protruding 10 cm out of the wall. The part of the stem going into the pipe was 
covered with thick plastic to avoid bruising and it was then secured in place with a 
wooden wedge. 
Plate 3.1: Goat browsing on (on,bretu,n apiculaturn at 80 cm from the ground. 
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Plate 3.2: Cattle browsing on (o,nhretum apicu/alum at 130 cm from the ground. 
There were three stopping rules for the feeding trials: 
There were 3 stopping rules for the feeding trials: 
When the animal had eaten 30 bites; 
When 75% of the leaf material had been removed; 
If 10 minutes had elapsed before achieving one of the first two rules above. 
To collect samples in order to determine the quality of the material that was eaten by 
the animals, the bite diameter on the twigs (clip diameter) was estimated using 
callipers and all remaining material corresponding to this diameter was removed, the 
twigs counted and weighed. All the leaves on the clipped twigs were removed and 
weighed, and the remaining woody part of the twigs was weighed. Other leaves on 
the browse branch were removed and weighed. The same was done for the 
transpiration branch. All material was dried at 60°C for 48 hours and stored for 
further chemical analyses. 
During the feeding trial, there were 3 observers. One counted the bites using a 
manual counter, the other counted the chews using the same device and the third 
noted the duration of each trial using a stopwatch. The data was recorded on data 
sheets at the end of each trial. The stop watch was stopped every time the animal 
stopped browsing, chewing or searching since any other activity besides these was 
considered as non-feeding behaviour. 
3.2.1.6. Sample preparation and Chemical analyses 
The samples collected were bulked by animal species, browse species, treatment and 
replicate. Therefore, there were separate samples for goats and for cattle for each 
browse species in each replicate. The results were the following types of samples: 
- Leaves from browsed branch for cattle; 
- Leaves from browsed branch for goats; 
- Leaves from transpiration branch for cattle; 
- Leaves from transpiration branch for goats. 
The twigs were bulked by individual animal by species of browse across replicates. 
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They were milled through a 1-mm screen in preparation for laboratory analyses. 
The samples were analysed for neutral detergent fibre (NDF) (Van Soest and Wine, 
1967), acid detergent fibre (ADF), lignin (Van Soest, 1963), nitrogen (Wall et al., 
1975) and in vitro digestibility (Tilley and Terry, 1963). 
3.2.1.7. Characterisation of the browse species 
Leaves 
Fifty leaves of representative sizes were collected for each species of browse. 
The area of the leaves was estimated using a planimeter. 
Thorns/spines 
The thorns/spines were characterised as straight or hooked or a combination of the 
two; and sharp or blunt. The length of the thorns was measured to the nearest 
centimetre (cm). Space between thorns for the length of 30 cm (terminal segment) of 
the branch was measured and the average calculated. The number of thorns on a 30 
cm length was counted and used as an estimate for thorn density. Two branches were 
used per browse species. 
Twigs 
Twigs were cut at 1mm intervals from 1 mm to 5mm. They were then separated into 
stem and leaf and weighed. The length of the twigs was measured. The twigs were 
counted and dried at 60 °C for 48 hours to determine the dry matter. 
The samples were then milled through a 1 mm sieve and were analyses for NDF, 
ADF (Goering and Van Soest, 1970) and in vitro digestibility (Barnes and Marten, 
1979). 
3.2.1.8. Statistical analysis 
Instantaneous intake rate per metabolic body weight (hR W °75), bite size, bite 
rate and chewing effort 
The experiment had an unbalanced design due to the differences in the number of 
levels in the treatments applied. Bite size, bite rate and chewing effort were analysed 
using the REML (residual maximum likelihood) (Genstat 5 Committee, 1993). 
Chewing effort (grams DM/chew) is the molar loading volume (Shipley et al., 1994) 
and when multiplied with the maximum chewing rate will give R nax (Gross et al., 
1993a). 
Since cattle and goats are different in body size, the intake rate was divided by the 
metabolic body weight (W°75) of each animal to give intake rate per metabolic body 
weight. The means and standard deviations were then calculated. 
The fixed model terms were animal species, browse species, treatment and their 
interactions. Other factors arising from the design of the experiment were also 
included in the fixed model. These are: order of feeding browse species, order of 
feeding treatments within a browse species, order of feeding animals within a species 
and the time of day when each animal species had its trials (morning or afternoon). 
Where the terms in the fixed model were insignificant (P > 0.08 or Wald 
statistic/degrees of freedom < 1), the analysis was rerun with the significant or almost 
significant terms only. The random models for the dependent variables were as 
follows: 
- Bite size and chewing effort had the terms replicate, the individual days within a 
replicate, the individual animals within a species, and individual animal's response to 
each browse species and to the treatments within a species. The assumption for the 
terms replicate and individual days within replicate (replicate - day interaction) is 
that there could be variation due to the replicate, which represents a temporal 
variation, and within the replicate, there could be variation during the 4 days it took 
to complete each replicate. 
- Bite rate had the individual days within a replicate, the individual animals within a 
species, and individual animal's response to browse species. 
- Intake rate per metabolic body weight had replicate, the individual days within a 
replicate, the individual animals within a species, and individual animal's response to 
each browse species. 
Residual plots were used to check the data for normality and where the variable was 
not normally distributed (i.e. bite size, intake rate per metabolic body weight, 
chewing effort), logarithmic transformation was done. 
After intake rate per metabolic body weight, all other variables assessed and analysed 
were intended to explain the responses of the two livestock species to the browse 
species and the treatments, and the underlying mechanisms driving the responses of 
the livestock. 
Functional response 
To be able to use the process 3 model to determine the cropping time per bite (h) and 
the maximum processing rate, there should be a decrease in bite rate (Y axis) as bite 
size (X axis) increases. There should also be a wide range of bite sizes. Scatter plots 
were constructed for each browse species to check if the data met these conditions. 
The process 3 equation for instantaneous intake rate (R) is given below: 
R = R xS/(hRmax +S) 
Where: 
R - Instantaneous Intake rate (milligrams per sec (mg/sec)) 
S - bite size (milligrams (mg)) 
h - cropping time (seconds) (the average time required to crop a single bite in the 
absence of chewing) 
Rmax - maximum processing rate (milligrams per sec (mg/sec)) (the maximum rate of 
processing of plant tissue in the mouth that would occur in the absence of cropping). 
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The time spent per bite in the absence of chewing (T seconds) is the reciprocal of bite 
rate and its formula is shown below: 
T = h + (1IR,nax)S 
The formula for I represents a straight line equation with a constant value of h and a 
gradient equal to l/R. To estimate h and R rna., regression analysis was done using 
REML to allow the fitting of random terms (Genstat 5 Committee, 1993). The cattle 
and goats data was analysed separately. After an initial analysis, only significant 
terms (at 5% level) were fitted into a new model. It is from the output of this 
analysis that h and were determined. 
The fixed model for cattle had bite size (S) as a covariate, treatment, browse species, 
code for terminating trial and the interaction of browse species with treatment. The 
random model had days within a replicate, the interaction between individual animals 
and browse species and the interaction of days within a replicate and individual 
animals. The data used in the analysis for cattle was restricted to a maximum T value 
of 10 seconds. 
The fixed model for goats had bite size as the covariate, browse species, and the 
interaction of browse species with bite size. The random model had days within a 
replicate, individual animals and the interaction of individual animals with browse 
species. For goats, the data used were restricted to a maximum T value of 10 seconds 
and a maximum bite size of 1500 mg. 
Browse characteristics and Quality 
Data on crude protein, NDF, ADF, invitro digestibility, twig weight, leaf proportion 
and leaf area were summarised to give means and standard deviations/errors. 
3.2.2. Experiment 2: Intake of grass by cattle and goats 
3.2.2.1. Grass species 
Five grass species were selected on the basis of the observational data collected in the 
field from March 1999 to May 1999 (see chapter 4). The three species on which 
cattle and goats spent most of their feeding time (i.e. Gym bopogon plurinodis, 
Heteropogon contortus and Themeda triandra) were selected and two on which the 
least amount of time was spent by free-ranging cattle and goats (i.e. Panicum 
maximum and Ghloris virgata). The 5 grass species are listed below: 
- Gymbopogon plurinodis (Cp) 
- Ghloris virgata (Cv) 
- Heteropogon contortus (Hc) 
- Pan icum maximum (Pm) 
- Themeda triandra (Tt) 
Gymbopogon plurinodis (Cp) is a tufted perennial grass species that grows to 
between 300 and 1000 mm tall. The leaf blades are 150 to 300 mm long and 2 to 4 
mm wide. 
Ghloris virgata (Cv) is usually an annual species and is tufted. It grows to a height 
of between 300 and 750 cm tall. The leaf blades are 100 to 300 mm long and 2 to 6 
mm wide (although this is more than the size used in our experiment). It forms a 
spike-like inflorescence. 
Heteropogon contortus (Hc) is a rhizomatous perennial species. It is between 200 
and 1000 mm tall. The leaf blades are between 30 and 300 mm long and 3 to 8 mm 
wide. The inflorescence is a single spike with awns in the upper half. It is mostly 
eaten when still young but unattractive as it matures. 
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Panicum maximum (Pm) is a perennial that is loosely to densely tufted and can grow 
up to 2000 mm tall. The leaf blades are 60 to 400 (to 1000) mm long and 4 to 12 (to 
35) mm wide. There is a wide variation in the size of culms and leaves. It has a high 
nutritive value even when it is mature and frosted. 
Themeda triandra (It) is a perennial rhizomatous species of between 300 and 1500 
mm in height. Leaf blades are up to 300 mm long and between 1 and 8 mm wide. 
The racemes are reduced to a single awned fertile spikelet 5-6 mm long. Its quality is 
generally low (Cp - 6.9% during vegetative stage, and 2.7% when mature). 
3.2.2.2. Animals and animal training 
Eight cattle and eight goats were drawn from the Matopos Research Station stock. 
For 16 days, animals were brought into an individual pen (2.5m X 3m) and offered 
each of the grass species. During training, 3 people were present to allow the animals 
to be accustomed to human presence. Four cattle and four goats were selected from 
the two groups on the basis of their response to feeding (to take at least 15 bites 
continuously) temperament and human presence. 
The cattle and goats selected had average weights of 305.5 (range 303.6 - 307.4, s.e. 
= 1.0) kg and 26.6 (range 24.6 - 27.6, s.e. = 0.7) kg, respectively. During the whole 
of the experimental phase, the livestock were starved overnight and offered hay ad 
libitum after the feeding trials each day. This is a normal practise in communal 
management systems where animals are kraaled at night. Water was available in the 
pens at night. During feeding, there was a companion animal for the cattle only. The 
order of feeding animal species within a replicate is given in appendix 3.2. 
3.2.2.3. Experimental design and Treatments 
The experimental design was a 5 grass species by 2 grass treatments by 5 replicates 
by 2 species of animals with 4 animals per species. Two cattle and two goats were 
fed per day. A replicate took two days to complete and the five replicates took 10 
days. This gave 40 trials per day and a total of 400 trials for the whole experiment. 
The 2 treatments in the experiment were: 
Trt 1 (Control) - was the control in which the grass tufts were not manipulated. 
Trt 2 (RS) - was a reduced-stem treatment where most or all of the stems were 
removed. 
3.2.2.4. Preparation of grasses 
Almost pure stands of the grass species were identified on Matopos Research Station 
rangeland in October 1999 and fenced off to ensure no access by livestock and game. 
In a stand of Hc, for example, two plots were fenced so that the 2 treatments were 
next to each other. This was done to ensure that the tufts would be as similar as 
possible. After fencing, before the application of treatments, all the plots were cut to 
ground level. The reduced-stem treatment was applied by cutting off the stems or 
pulling them out, depending on the structure of the grass species. In Cp and Tt, all the 
stems could be removed, but only partial removal was possible for the other species 
due to the structure of the grasses. The stems were tightly bound to the leaf such that 
cutting the stems at the base meant removing the leaves as well. In this case, only the 
part of the stem protruding out of the sheath with the flower head was removed. The 
process of removing stems was repeated just before the feeding trial in March 2000 
to ensure that as many stems as possible were removed. 
Grass tufts were augured on the day they were going to be fed. For a species such as 
Chioris virgata, which is a single-stalk grass, many stalks were collected to make one 
tuft for feeding. All grass species were fed everyday. 
3.2.2.5. Feeding trials 
The order of offering the treatments was alternated within grass species per animal 
and per pair of animals of the same species on each day as shown in Appendix 3.2. 
For each goat intake trial (Plate 3.3), 2 tufts of the grass species were used: one was 
offered to the animal and the second, which was similar in structure, was left lying in 
the same environment and was used to determine weight loss due to transpiration 
(transpiration loss). These 2 tufts (grazed and transpiration loss) were weighed 
before and after feeding. Cattle were offered 4 tufts per grass species during each 
trial (Plate 3.4) and there was one tuft to estimate transpiration loss. 
There were three stopping rules for the feeding trials: 
When the animal had taken 15 bites; 
When seventy five percent of leaf had been removed; 
If 10 minutes elapsed before achieving one of the first two rules above. 
During the feeding trial, there were 3 observers. One counted the bites using a 
manual counter, the other counted the chews using the same device and the third 
noted the duration of each trial using a stopwatch. The data was recorded on data 
sheets at the end of each trial. The stop watch was stopped every time the animal 
stopped browsing, chewing or searching since any other activity besides these was 
considered as non-feeding behaviour. 
3.2.2.6. Plant measurements 
Plant height was measured by placing a rod, which was narrow so that it would not 
disturb the tuft, in 10 positions on the tuft for the leaves and 10 positions for the stem 
across the two tufts for goats and four for cattle. The measurements were read off 
where the rod touched the blade of grass or the stem. This was done before and after 
feeding the animal. After feeding, leaf and stem heights were measured only on 
material that had been bitten. Average height of the leaves and of the stems were 
calculated separately for each pot. Average of the leaf and stem heights after feeding 
were used to cut the transpiration tufts. The material above the cutting height 
represented what the animal had selected, while that below represented what 
remained after feeding. 
Plate 3.3: (bat grazing on Panicum maximum. 
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Plate 3.4: Cattle grazing on Panicum maximum. 
The cut grass was separated into plant parts (live leaf, live stem, dead leaf, dead stem, 
sheath and flower). The rest of the tuft (i.e. below the cutting height determined 
above) was also separated to estimate the proportions of the part that was not 
consumed. If, in the case of cattle, or goats, one of the offered tuft was not eaten at 
all, then it was not separated. If only one bite was taken, the heights of the leaves and 
stems were measured as above but this was not included in the calculation to 
determine the height to which the transpiration tuft would be cut. 
Both the plant portions representing what was eaten and what remained were dried at 
60°C for 48 hours for dry matter determination and for further chemical analyses. 
3.2.2.7. Chemical analyses 
Live leaf, sheath, live stem and flower were bulked for each grass species by 
treatment for each replicate. Neutral detergent fibre (NDF) was analysed using the 
technique of Van Soest and Wine (Van Soest and Wine, 1967) and acid detergent 
fibre (ADF) and lignin (ADL) using the technique of Van Soest (Van Soest, 1983). 
3.2.2.8. Statistical analyses 
Intake rate per metabolic body weight, bite size, bite rate and chewing effort, 
bite depth 
Intake rate per metabolic body weight, bite size, bite rate, chewing effort, and bite 
depth were analysed using the REML (residual maximum likelihood) (Genstat 5 
Committee, 1993) to account for the unbalanced design. The factors used in the 
fixed model were animal species, grass species, treatment and their respective 
interactions. Other factors arising from the design of the experiment (i.e. treatment 
order, order of feeding animals within a species, the order of feeding the animals 
species) were also included in the initial analysis. Factors which were not significant 
at 5% level were removed from the model and the analysis was re-run with the new 
J1 
model. The random model consisted of replicates, individual animals within a 
species and days within a replicate. 
A logarithmic transformation was done on intake rate, bite size, while a square root 
transformation was done for chewing effort since the residual plots showed that the 
data were not normally distributed. 
Functional response 
Functional response analysis was done as described in section 3.2.1.8. For cattle, the 
fixed model had bite size as a covariate, grass species and grass species interaction 
with treatment. The random model had replicate, individual days within a replicate, 
interaction between individual animals and grass species, and the interaction of 
individual animals with days within a replicate. The data used in the analysis was 
restricted to a maximum T value of 10 seconds and a maximum bite size of 10000 
mg to exclude outliers. 
For goats, the fixed model had bite size as a covariate and then grass species as a 
term. The random model had individual days within a replicate and the interaction 
between individual animals and grass species. The data used in the analysis was 
restricted to a maximum T value of 10 seconds and a maximum bite size of 2000 mg 
to exclude outliers. 
Proportion of leaf in the diets of cattle and goats 
To determine the relationship between proportion of leaf offered and the proportion 
of leaf in the diet of the animals, and whether grass species, treatment and animal 
species had an effect, an analysis was done using the REML technique of Genstat 
(Genstat 5 Committee, 1993). The fixed model had proportion of leaf offered as a 
covariate and the factors stated above as well as their interactions. The random 
model consisted of replicate and the individual animals within a species. 
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If animals were selecting for green leaf during feeding, the proportion of leaf in the 
diet would be higher than the proportion offered. On a regression line with a Y - 
intercept of 0 and a gradient of 1 (unity), when leaf is being selected for the plot of 
proportion of leaf offered and proportion of leaf in the diet will have points above the 
unity line. If the animals are eating leaf according to what is being offered, then the 
points will fall on the unity line, and if they are selecting against leaf, then the points 
will fall below the unity line. 
To establish if the animals were selecting for green leaf, further analysis was done 
using a modified version of the technique described by Bakker et a! (1998). Each 
grass species was analysed separately so as to get species residual sum of squares 
(RSS). For each grass species, 2 analyses were done. In the first analysis, the 
proportion of leaf offered was fitted as a covariate with treatment, animal species and 
replicate as the other terms. The response variate was the proportion of leaf in the 
diet. The output included RSS and its degrees of freedom. In the second analysis, 
the fixed model had all the terms above except the covariate (proportion of leaf 
offered). Because this analysis was intended to give RSS for the unity line, a new 
response variate was generated for each of the proportions of leaf offered. This was 
done by subtracting the proportion of leaf offered from the proportion of leaf in the 
diet (deviations from the unity line). The output from the second analysis included 
RSS for the unity line and its degrees of freedom. 
Each grass species was then tested for selection of leaf using the formula below: 
F-ratio (d.f. RSSm1, d.f. RSSm2) = [(RSSm1 - RSSm2) /2] / (RSSm2 / d.f. RSSm2) 
Where: 
RSSm 1 - Residual sum of squares for unity line. 
RSSm2 - Residual sum of squares for a grass species. 
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3.3. RESULTS 
3.3.1. Browse intake experiment 
3.3.1.1. Browse quality and characteristics 
3.3.1.1.1. Browse Quality 
The average clip diameter for cattle and goats averaged 2mm as shown in Table 3.2, 
therefore the quality of twigs was also pooled for cattle and goats. 
Table 3.2: Frequency of biting twigs (Freq) and diameter of clip (Diameter), from 
browse species fed to cattle and goats (The standard error is given in brackets). 
Browse species Cattle Goats 
Freq Diameter Freq Diameter 
Acacia gerrardii' 
Acaciakaroo* 1 1.4 1 2.0 
Combretum apiculatum 30 1.9 (0.30) 13 1.5 (0.47) 
Dichrostachys cineria' 
Grewia monticola 19 1.9 (0.40) 17 1.7 (0.30) 
Rhuspyroides 32 1.9(0.44) 24 1.9 (0.45) 
Securinega virosa 32 1.8 (0.41) 27 1.9 (0.44) 
Ziziphus mucronata 10 1.7 (0.44) 2 2.4 (0.21) 
Note:Grewia monticola and Combrelum apiculalum had a total of 64 trials each, on which about 1920 bites were 
taken. The other species had a total of 96 trials each, on which about 2880 bites were taken. Therefore, the 
frequency of biting twigs represents the number of bites on which twigs were bitten. 
- Only one incident of biting twigs was observed. 	- Animals did not bite twigs from this browse species. 
The CP, NDF, ADF and lignin of the browse leaves and woody twigs that were eaten 
by cattle and goats are given in Tables 3.3. Since there were no differences in quality 




Sv leaves had the highest CP content and this was similar to that of Dc and Zm (F 7 ,3 9 
= 35.8, P <0.001; s.e.d. = 0.6755, P = 0.05). Ca had the least CP content and it was 
significantly different from all the other browse species. 
Gm had the highest NDF and ADF contents (F 7 ,38 = 21.47, P < 0.001; s.e.d. = 3.15, P 
= 0.05; and F7 ,39 = 17.62, P <0.001, s.e.d. = 2.857, P = 0.05). For lignin, however, 
Ak had the highest concentration and it was significantly different from all the other 
browse species (F 7 ,39 = 26.89, P <0.001; s.e.d. = 1.996, P = 0.05). 
For all the measures of fibre, Sv leaves had the least content. Coupled with its high 
CP content, it has the best qualities for animal consumption. 
Browse twigs (with no leaves) 
Ak twigs had the highest CP content and this was similar to that of Sv only (17 6 ,66 = 
16.77, P < 0.001; s.e.d. = 0.2847, P = 0.05). 
Gm twigs had the least NDF and this was significantly different from Ca, Rp and Sv 
(F6 ,41 = 15.52, P <0.001; s.e.d. = 0.8969). Cattle ate twigs with less NDF than goats, 
60.8 and 64.5, respectively (17 1 ,41 = 4.43, P = 0.04). This is because of the 
combination of browse species on which cattle ate twigs. However, all the browse 
species had the same ADF content (17 5 ,28 = 0.75, P = 0.6). 
CA had the least lignin and it was different from all the other species (17 5 ,28 = 38.41, P 
<0.001; s.e.d. = 0.6019, P = 0.05). 
Table 3.3: Crude protein (CP, percent in DM), Neutral Detergent Fibre (NDF, percent in DM), Acid Detergent Fibre (ADF, percent in 
DM), Lignin (percent in DM) and In vitro digestibility (In vitro in DM) of leaves and twigs from browse species fed to cattle and goats. 
(The standard error is given in brackets). 
BROWSE 	 BROWSE LEAVES 	 BROWSE TWIGS 
SPECIES CP (%) 	NDF (%) 	ADF (%) 	LIGNIN (%) IN VITRO CP (%) 	NDF (%) 	ADF (%) 	LIGNIN (%) 
(%) 
Ag 14.8 (0.4) 37.4(l.3) 29.5 (l.4) 17.5 (0.9) 29.4 (2.5) 
Ak 13.8 (0.4) 37.6(l.8) 37.6 (3.0) 26.4 (3.0) 18.8 (0.7) 6.3 (0.3) 55.7 * 52.2 21.8 
Ca 10.7 (0.3) 35.6 (0.5) 27.3 (0.4) 6.7 (0.3) 25.5 (0.2) 4.6(0.1) 64.6 (0.5) 51.2 (0.4) 15. (0.2) 
Dc 17.9 (0.2) 43.7 (0.5) 30.2 (0.3) 16.9 (0.2) 28.7 (0.5) 6.6 57.7 
Gm 12.9 (0.2) 56.2 (l.0) 41.0(1.0) 16.2 (0.6) 24.3 (0.9) 4.8 (0.1) 61.9 (0.5) 51.6(1.0) 20.4 (0.6) 
Rp 13.0 (0.3) 48.4 (0.6) 35.1 (0.6) 17.0 (0.4) 25.9 (0.3) 5.2 (0.2) 63.8 (0.5) 51.9 (0.7) 20.0 (0.4) 
Sv 18.0 (0.7) 27.5 (3.8) 18.2 (3.1) 4.9 (1.6) 62.3 (5.7) 6.2 (0.1) 65.4 (0.4) 51.9 (0.2) 19.8 (0.2) 
Zm 17.0 (0.5) 33.5(l.6) 23.3(l.1) 10.4 (0.8) 42.4(l.9) 6.1 (0.3) 57.9 (2.1) 49.0 19.7* 
s.e.d. 0.6755 3.15 2.857 1.996 0.2847 0.8969 1.013 0.6019 
Ak - Acacia karoo Ag -Acacia gerardli 	 Ca -combretum apiculazum Dc - Dychrostachys cineria 	Gm - Grewia monticola 	Rp - Rhus pyroides Sv - Securinega virosa 
Zm - Ziziphus mucronata 
- Only one incident of biting twigs was observed. 	 . Animals did not bite twigs from this browse species, therefore, no samples of twigs were collected. 
In vitro analysis of twigs was not done due to limited plant material. 
3.3.1.1.2. Browse Characteristics 
Weight of twigs and leaf to stem ratio 
The weight of twigs with leaf tended to increase as the diameter of the twig tip 
increased for all browse species (Table 3.4). The leaf to stem ratio was highest at 
2mm for all species except Zm and Ak that had the highest at 3 mm. 
Leaf size 
The browse species had different leaf areas (therefore, leaf size) as shown in Table 
3.5. Ag had the smallest leaf size and was similar to Ak (F 7 ,389 = 27.64, P <0.001; 
s.e.d. = 1.106, P = 0.05) while Gm had the largest leaves and was significantly 
different to all the other species. Species with smaller leaf sizes could be more 
difficult to manipulate during cropping resulting in smaller bite sizes and lower bite 
rates. 
Table 3.4: Weight of twigs with leaf (TWT, grams DM) and ratio of the biomass 













Ag 225 1.3 1033 0.9 4833 0.8 5440 0.9 
Ak 664 3.3 1494 3.4 3800 1.5 7200 1.4 
Ca 1768 7.8 3963 5.1 11800 3.8 16154 3.4 
Dc 720 8.0 1320 2.1 2509 1.4 8833 1.3 
Gm 835 8.6 3029 4.3 4378 2.9 8943 3.4 
Rp 1207 6.9 2916 3.5 10378 2.5 11925 1.7 
Sv 697 1.4 2378 0.7 4773 0.6 20314 0.5 
Zm 1713 2.8 2256 3.3 6141 2.4 12067 1.6 
Ak - Acacia karoo Ag - Acacia gerrardii Ca - Combretum apiculatum Dc - Dichrostachys cineria 
Gm - Grewia monticola Rp - Rhus pyroides Sv - Securinega virosa Zm - Ziziphus Inucronala 
Thorns/spines 
Dc had the longest thorns and they were similar to Ak (Table 3.5; F5,49 = 25.76, P < 
0.001; s.e.d. = 0.09801, P = 0.05) but these were, in general, shorter than the leaves. 
The thorns on Rp and the branchiets on Sv were relatively more blunt. The space 
between 2 spines was greatest for Dc and this was similar to that of Ag (F5,49 = 6.5, P 
<0.001; s.e.d. = 0.4416, P = 0.05). Out of the species with sharp thorns, Zm had the 
shortest distance between thorns. This would most likely cause a greater challenge 
during foraging since the mouth of the animals might not easily manoeuvre between 
the thorns. 
Table 3.5: Leaf area (cm 2),  thorn length (cm), spacing (cm) and density (number of 
thorns per 30 cm) on browse species fed to cattle and goats (standard errors are given 
in brackets). 
Leaf area Thorns 
Browse species Length Spacing Density 
Acacia gerrardii 5.0(0.5) 0.74(0.2) 3.09(0.2) 11(1.0) 
Acacia karoo 7.0 (0.5) 2.99 (0.4) 2.56 (0.5) 14(3.0) 
Combretum apiculatum 10.5(l.1) 
Dichrostachys cineria 10.8 (0.7) 4.53 (0.8) 3.65 (0.1) 9(2.0) 
Grewia monticola 17.8 (0.8) 
Rhuspyroides 12.3 (0.6) 0.84 (0.2) 0.99 (0.6) 7 
Securinegavirosa 7.8(1.0) 1.14(0.2) 2.39(1.90.2) 12(5.5) 
Ziziphus mucronata 13.9 (0.7) 0.80 (0.07) 2.34 (0.3) 12(2.5) 
Note: Leaf area was estimated using 50 leaves per browse species. 
* Securinega virosa - is not considered to have spinescence, but has twigs, which when dry can interfere with 
feeding animals. 	 - Only one branch with thorns. 
Ak had the greatest density of thorns per 30 cm length. Although care was taken in 
collecting branches for characterisation of browse species from trees that had been 
used during the experiment, the density and length of thorns would vary depending 
on the tree, and on the same tree below and above the browse line. Species with no 
thorns and those with relatively blunt spines, and therefore easier to manipulate, had 
a higher frequency of twig tips being eaten (see Table 3.2). Ag and Dc had no twig 
tips eaten. The diameters of the twig tips at the point of clipping were approximated 
at 2mm for both cattle and goats. Both animal species maintained a twig diameter 
that optimised the proportion of leaf per bite. 
3.3.1.2. Bite size 
For each day, 2 browse species were fed to the experimental animals, and there were 
no significant differences in bite size between browse species which were fed first 
and those fed second (628 mg and 583 mg, respectively). 
Table 3.6 shows that the browse species had significantly different bite sizes (F 7 ,494.03 
= 56.04, P <0.001; s.e.d. = 0.05 163, P = 0.001) Ca and Gm had the largest bite sizes 
while the Acacia species had the smallest. In general, cattle had larger bite sizes than 
goats, 760 mg and 482 mg respectively (F 1 ,494 .03 = 27.9, P < 0.001). This was 
because of the cattle's much larger bite sizes on some browse species such as Ca, 
Gm, Rp and Sv than goats (F 7 ,494.03 = 7.3, P<0.001; s.e.d. = 0.07141, P = 0.05). 
These species were either undefended (Ca and Gm), or defended with prickles (Rp 
and Sv) which were not dry. 
Bite sizes were significantly reduced by lowering the leaf density (HL treatment) on 
the branches offered to the animals but there was no significant increase due to 
removing thorns (NT treatment) (Table 3.7; F2, 494.03 = 15.8, P<0.001; s.e.d. = 0.0247, 
P = 0.05). Due to the spatial arrangement of leaves on browse, animals could not 
compensate for the small bite sizes on the HL and NT treatment by increasing their 
bite area as is the case with grass (see later). The treatment responses were the same 
for cattle and goats. 
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Table 3.6: Bite sizes (milligrams DM) of cattle and goats on Browse. 
Browse species 	 Log bite size 	Untransformed bite size 
Cattle Goats Cattle Goats 
Acacia gerrardii 2.292 2.307 196 203 
Acacia karoo 2.535 2.508 343 322 
Combretum apiculatum 3.339 2.837 2183 687 
Dichrostachys cineria 2.780 2.698 603 499 
Grewia monticola 3.324 2.904 2109 	802 
Rhuspyroides 2.973 2.730 940 	 537 
Securinegavirosa 2.820 2.611 661 	 408 
Ziziphus mucronata 2.989 2.868 975 	 738 
s.e.d. 0.07141 mean 	1001 	524 
Table 3.7: Bite size (milligrams DM) on the half-leaf density (HL), no-thorns (NT) 
and control treatments. 
Treatment Log bite size Untransformed bite size 
Cattle Goats Cattle 	Goats 
HL 2.788 2.623 614 	 420 
NT 2.966 2.706 925 	 508 
CONTROL 2.901 2.709 797 	 512 
s.e.d. 0.0406 
3.3.1.3. Bite rate 
The browse species had significantly different bite rates (Table 3.8, F7,609.29 = 24.27 9 
P<0.001; s.e.d. = 0.02956, P = 0.05) and goats had higher bite rates than cattle 
(F1,609.29 = 23.1, P<0.001), 0.4222 and 0.2818 bites/second, respectively. This is 
because goats had much higher bite rates on species with thorns and small leaves (i.e. 
Ag, Ak, Dc, Sv and Zm) than did cattle (Table 3.8, F7,60929 = 17.99, P<0.001; s.e.d. = 
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Within a day, the browse species which was fed first had a significantly higher intake 
rate than the second species, 6.9 mg/second and 6.2 mg/second, respectively 
(F 1 ,59958= 5.6, P = 0.02). 
Intake rates of browse species were significantly different (Table 3.9, F 7,599.58 = 
16.26, P<0.001). The Acacia species (Ag and Ak), which are fine-leafed and armed, 
had similar and lower intake rates, while the largest intake rates were on Ca and Gm 
(larger leaves and no thorns) (s.e.d. = 0.06239, P = 0.05). The low intake rates on 
Ag and Ak were because cattle had the lowest intake rates on these species, which 
were significantly different from those of goats (animal species-browse species 
interaction) (F 7 ,599.58 = 16.84, P < 0.001). Cattle only had similar intake rates to goats 
on Ca (s.e.d. = 0.08748, p = 0.01) otherwise they were significantly lower on all the 
other species. 
Reducing the leaf density (HL) lowered the intake rate from 6.7 mg/second (control 
treatment) to 5.3 mg/second, while removing thorns increased it to 7.8 mg/second 
(Table 3.10; F 2,599.58 = 20.4, P<0.001; s.e.d. = 0.02584, P = 0.01). This response was 
due to the cattle which had their highest [IRW °75 on NT and least on the HL 
treatment (Table 3.10, F 2 ,59958 = 6.6, p = 0.001; s.e.d. 0.04799, P = 0.05). Goats 
managed to achieve similar intake rates on all treatments showing that, for goats, 
effects of leaf density on bite size and thorns on bite rate were compensated for to 
maintain IIRw°. Cattle on the other hand, could not compensate for the lower 
density and managed to increase their intake when thorns were removed, therefore 
being more sensitive to browse plant characteristics. 
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Table 3.9: Intake rate per metabolic body weight (milligrams DM per second per 
W°75) of browse by cattle and goats. 
Browse species 	 Log intake rate per w 0.75 Untransformed intake rate 
per w 0.75 
Cattle Goats Cattle Goats 	- 
Acacia gerrardii -0.1355 1.0721 1 12 
Acacia karoo 0.0730 1.2038 1 16 
Combretumapiculatum 0.8814 1.1011 8 13 
Dichrostachys cineria 0.3926 1.3590 2 23 
Grewia monticola 0.8364 1.1920 7 16 
Rhuspyroides 0.5056 1.2335 3 17 
Securinega virosa 0.3239 1.1674 2 15 
Ziziphus mucronata 0.4404 1.3768 3 24 
s.e.d. 0.08748 
Table 3.10: Intake rate per metabolic body weight (milligrams DM per second per 
w° 75) of browse by cattle and goats on different treatments. 
Treatment Log intake rate per w U.1 Untransformed intake rate 
per w 0.75 
Cattle 	Goats Cattle Goats 
HL 0.2802 	1.1726 1.9 14.9 
NT 0.5432 	1.2420 3.5 17.5 
Control 0.4207 	1.2251 2.6 16.8 
s.e.d. 0.04799 
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3.3.1.5. Estimation of Functional response parameters - cropping time (h) and 
maximum processing rate (R max) for browse 
3.3.1.5.1. Cattle 
Larger bites required more time (T) to process than smaller ones (Figure 3.3, F 1,227.41 
= 5.1, P<0.001).  The regression line for time per bite (T) with bite size had a slope 
of 0.000316. The reciprocal of the slope gave the estimated value for which 
was 3165 mg DM/second for all browse species for cattle. Thus, the maximum rate 
of processing browse was the same for all browse species despite their different 
physical characteristics. If the different species had different Rna,,  values, there 
would have been a significant interaction between bite size and browse species, as 
observed for goats (see section 3.3.1.5.2.) 
The treatments had significant effects on I (F 2,227.41 = 11. 18, P <0.001). The sum of 
the constant with treatment effects gave an estimated value for the Y intercept for the 
regression equation of each treatment. The Y intercept value is equal to the cropping 
time per bite (h, seconds per bite) (Table 3.11). Removing thorns (NT) reduced 
cropping time significantly from 3.3 on the control to 2.8 seconds per bite. 
Reducing leaf density did not result in a significant change in handling time (3.7 
second per bite; s.e.d. = 0.38 14, P = 0.05). So the presence of thorns is the single 
factor determining the handling time for cattle. 
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Figure 3.3: Time per bite (in the absence of chewing) for cattle and goats on 
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Table 3.11: Estimated cropping time (h, seconds per bite) for different browse 
species and treatments for cattle. 
Browse species 	 Control 	No thorns 	Half-Leaf density 
Acacia gerrardii 3.7 3.7 3.7 
Acacia karoo 3.9 3.7 4.5 
Combretum apiculatum 4.0 3.0 
Dichrostachys cineria 3.5 3.5 3.0 
Grewia monticola 3.7 3.4 
Rhuspyroides 3.7 3.3 2.9 
Securinega virosa 4.3 4.8 3.3 
Ziziphus mucronata 4.9 4.7 4.4 
s.e.d. 0.5526 
T was also significantly different for browse species resulting in differences in 
cropping time (F 7,227.41 = 2.68, P = 0.009; s.e.d. = 0.5443, P = 0.05). Zm and Ak, 
both of which have thorns, were the most time consuming to crop. Even though 
there was a general tendency for handling time to reduce when thorns were removed, 
the response was not universal for all browse species. Species such as Ak, Rp and 
Zm had lower h values on the NT treatment than the control, but Rp and Zm had 
even lower handling time for HL (lower than NT and control) but Ak increased 
above the control and NT, while Ag and Dc did not change (Table 3.11, F 12 ,22741 = 
2.11, P = 0.01; s.e.d. = 0.5526, P = 0.05). 
Out of all the trials that were run, cattle had 10.2% terminated after 10 minutes had 
elapsed (terminated), and 6.3% had to be stopped because a quarter of the leaf 
biomass remained (quarter), leaving 83.5% as successfully completed (finished, 30 
bites taken). The terminated trials had the highest handling time of 5.5 second, 
which were significantly different from the quarter and the finished trials, 4.0 and 3.7 
seconds respectively (F 2 ,227 . 41 28.68, P <0.001; s.e.d. = 0.2996, P = 0.05). On the 
terminated trials, about half of them were on Acacia gerrardii. Ag has thorns and 
when cattle experienced deterrence due to the presence of the thorns, they stopped 
feeding. 
The differences between browse species in amount of time that cattle spent on each 
bite was controlled by their ability to crop (h) different browse species and not by 
3.3.1.5.2. Goats 
As the bite size got bigger, goats took a significantly longer amount of time (T) per 
bite (Figure 3.3, F1,272.57 = 501.3, P < 0.001). The slope for the line was 0.004998 
(s.e. = 0.23114). The reciprocal of the slope gives the R.. value. Since there was a 
significant interaction between browse species and bite size, (F 7 ,272.57 = 5.66, P < 
0.001; s.e.d. = 00086, P = 0.05) browse species had different values (Table 
3.12). The goats had the lowest processing rate on Ag species and the highest was on 
Ak. 
Table 3.12: Cropping time (h, seconds per bite) and maximum processing rate 
milligrams per second) for browse species for goats. 
Browse species Cropping time (h) Rmax 
Acacia gerrardii 0.2 200.1 
Acacia karoo 1.4 1876.2 
Combretum apiculatum 3.0 418.1 
Dichrostachvs cineria 1.2 528.3 
Grewia monticola 2.2 306.7 
Rhuspyroides 0.8 231.3 
Securinega virosa 1.8 593.1 
Ziziphus mucronata 1.3 474.8 
s.e.d. 0.5097 0.0009 
Table 3.12 shows that the browse species also had different cropping time, with Ag 
having the shortest time of 0.2 seconds while Ca had the longest of 3 seconds per bite 
(F7,272.57 = 35.17, P < 0.001; s.e.d. = 0.5097, P = 0.05). In general, the browse 
species with the longest cropping time for goats were ones on which shoots (leaf + 
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twigs) were eaten. 
Because the treatment was not significant, it was excluded from the analysis as is 
required for the estimation of the Y intercept (h) and the gradient (R). 
For goats, the differences in I between browse species were a result of both cropping 
time and processing rate. 
3.3.1.6. Chewing effort (Ce) 
Cattle could process greater amounts of browse per chew than could goats, 175 mg 
and 93 mg per chew, respectively (F 1 ,495.83 = 39.8, P<0.001) indicating a greater 
molar loading volume for cattle than for goats. 
The amount of browse processed per chew differed significantly between browse 
species (Table 3.13, F7 ,495 . 83 = 14.3 9 P<0.001; s.e.d. = 0.0545, P = 0.05). Species 
with the smallest bite sizes had the smallest chewing effort (Ag and Ak). Therefore, 
Ce seemed to be limited by the bite size (see Figure 3.4), but not by NDF since Sv, 
with the lowest NDF, had a lower Ce (see Tables 3.13 and 3.3). 
Similarly, Ce was significantly lower for HL treatment (I 10 mg/sec), which had a 
small bite size (F2 ,495 . 83 = 11. 15, P < 0.001). NT and control were similar, 147 and 
129 mg, respectively (s.e.d. = 0.02665, P = 0.01). 
Cattle and goats had similar Ce values for fine-leafed thorny species (Ag, Ak and Dc) 
but not on the others (Table 3.13, F 7 ,495 . 83 = 11.07, P<0.001; s.e.d. = 0.07842, P = 
0.05). 
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Table 3.13: Chewing effort (milligrams processed per chew) of cattle and goats on 
browse. 
Browse species Log chewing effort Untransformed chewing 
effort 
Cattle Goats Cattle Goats 
Acacia gerrardii 1.821 1.828 66 67 
Acacia karoo 1.998 1.985 100 97 
Co,nbretum apiculatu,n 2.593 1.978 392 95 
Dichrostachys cineria 2.220 2.145 166 140 
Grewia monticola 2.580 1.932 380 86 
Rhuspyroides 2.309 1.967 204 93 
Securinegavirosa 2.158 1.848 144 70 
Ziziphus ,nucronata 2.266 2.079 185 120 
s.e.d. 0.07842 
Figure 3.4: Change in chewing effort (milligrams per second) as bite size 
(milligrams) increases for cattle and goats foraging on different browse species. 
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is a product of chewing effort (Ce) and maximum chewing rate (chewing in the 
absence of cropping). Considering the fact that cattle had the same values for 
all browse species, but variable Ce's, cattle must have had higher maximum chewing 
rates on species with small Ce (i.e. species with small bite sizes), resulting in a 
negative relationship between Ce and maximum processing rate. 
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3.3.2. GRASS INTAKE EXPERIMENT 
3.3.2.1. Quality of grass offered 
Table 3.14 shows the chemical composition of the grass (leaf and stem together) that 
was offered to the cattle and goats during the feeding trial. 
Table 3.14: NDF, ADF and Lignin of grass (leaf and stem) on two treatments 
(Control and Reduced Stem - RS), fed to cattle and goats. 
Grass 
species 
NDF (% in DM) 
Control 	RS 
ADF (% in DM) 
Control 	RS 
LIGNIN (% in DM) 
Control 	RS 
Cp 79.02 75.29 50.19 45.68 9.01 8.39 
Cv 77.46 78.90 48.23 49.86 7.34 7.44 
Hc 80.14 79.21 54.56 54.85 8.06 7.87 
Pm 76.66 77.77 54.20 54.78 8.95 9.03 
Tt 79.65 76.43 51.32 48.60 9.38 8.61 
s.e.d. 0.6767 0.8297 0.3986 
Cp - Cymbopogon plurinodis Cv - Chioris virgata Hc - Heteropogon confortus 
Pm - Panicum maximum Tt - Themeda triandra 
Neutral Detergent Fibre (NDF) 
Although the NDF values only ranged between 75 and 80%, there were significant 
differences between grass species (F4,36 = 9.1, P <0.001; s.e.d. = 0.4785, P = 0.001). 
Hc had the highest NDF percentage and Cp had the lowest. 
Reducing stems slightly, but significantly, lowered the NDF in the grass to 77.52% in 
contrast to 78.59% for the control (F1,36 = 12.4, P = 0.001). The samples analysed 
consisted of the leaf and the stem fractions together. 
There was also a significant interaction between grass species and treatment. For Cp 
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and Tt, whose RS treatment resulted in no stem at all in the sward, the NDF was 
lower for that treatment while higher for the control (F4,36 = 12.425, P < 0.001; s.e.d. 
= 0.6767, P = 0.05). Hc and Pm were similar for both treatments, and for Cv, NS had 
a higher NDF. Stems had more NDF as evidenced by the lower NDF values on Cp 
and Tt RS treatment, which had no stems in them at all. 
Acid Detergent Fibre (ADF) 
The ADF was different between grass species (F 4,36 = 58.05, P < 0.001). The RS 
treatment had lower ADF compared to the control (F 1 ,36 = 6.5, P = 0.02). A similar 
effect as in NDF is observed where Cp and Tt RS treatment had less ADF than the 
control (F4,36 = 9.575, P< 0.001). The other grass species had similar values for both 
treatments. 
Lignin 
Lignin differed significantly between grass species (F 4 ,36 = 12.55, P < 0.001). Cp, 
Pm and Tt had similar and higher lignin content than Cv and Hc (s.e.d. = 0.28 18, P = 
3.3.2.2. Bite size 
Figure 3.5 shows that the bite size on grass increased with the biomass offered to the 
animals resulting in a significant positive relationship (F 1 , 343 . 92 = 586.3, P<0.001, R2 
0.8592, Y = 0.052X— 481.8). Within the range (1112 - 700000 milligrams) of 
biomass, the bite size is very well explained by the initial biomass alone (R 2 = 0.86), 
and the rate of response is similar for cattle and goats (biomass - animals species 
interaction was not significant). 
After fitting the initial biomass as a covariate, cattle had a larger bite size than goats, 
3034mg and 1175mg, respectively (F 1 , 343 . 92 = 85.3, P<0.001). This was an expected 
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output since cattle are bulk feeders with bigger mouthparts. 
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Removing some of the stems (RS treatment) on the grass tufts had an overall effect 
of reducing the bite size, possibly due to the change in bulk density (Table 3.15, 
F 1 ,343 . 92 = 5.2, P = 0.02). But the response was different for cattle and goats. 
Whereas cattle had higher bite sizes on the reduced-stem treatment, goats had higher 
bite sizes on the control treatment, making the animal species-treatment interaction 
significant as shown in Table 3.15 (F 1 ,343 . 92 = 9.8, P = 0.002; s.e.d. = 0.05202, P = 
0.001). Cattle seemed to have been deterred by the stems (more by the inflorescence 
on the stems) on the control treatment by a reduction in bite area since they ate from 
the top of the tuft going down. Goats, on the other hand, could bite the grass close to 
the base of the tuft resulting in a different treatment response. 
Bite size was similar for all the grass species (Table 3.15, F4 , 14392 = 2, P = 0.09). 
There was, however, a significant interaction between animal species and grass 
species. 
115 
Table 3.15: Bite size (milligrams DM) of grass on the Control and Reduced-stems (RS) treatments by cattle and goats. 
Grass Species 
Cattle 
Log Bite Size 
Goats 
Untransformed Bite Size 
Cattle 	 Goats 
Control RS 	Control RS Control RS Control RS 
Cp 3.431 3.465 	3.115 2.947 2698 2917 1303 885 
Cv 3.574 3.607 	3.073 2.905 3750 4046 1183 804 
Hc 3.465 3.498 	3.272 3.104 2917 3148 1871 1271 
Pm 3.356 3.389 	3.319 3.152 2270 2449 2084 1419 
Tt 3.501 3.534 	2.992 2.824 3170 3420 982 667 
s.e.d. 0.07939 
Cp - Cvmbopogon plurinodis Cv - Chioris virgata I-Ic - Heteropogon con lortus Pm - Panicun: maximum 
Tt - Theneda triandra 
Cattle had significantly larger bite sizes on all grass species except Pm, showing the 
potential of goats to match cattle's bite sizes on some grass species (F 4 ,343,92 = 7.95; 
P<0.001; s.e.d. = 0.0758 1, P = 0.05). 
Therefore, bite size on grass was limited by the biomass offered, the animal species 
as well as the presence of stem, but not by grass species. 
3.3.2.3. Bite rate 
Animals responded to smaller bite sizes by increasing their bite rates (Figure 3.6, 
F1,320.06 = 27.22, P <0.001), confirming that bite rate is dependent on bite size. 
Grass species had significantly different bite rates (F 4,32006 = 16.52, P < 0.001). Hc 
had the smallest bite rate and Tt had the largest, having had the smallest bite size 
(Table 3.16). All other grass species combinations had significantly different bite 
rates except Cp, Cv and Tt which were similar (s.e.d. = 0.02222, P = 0.05). 
Table 3.16: Bite rates (number of bites per second) of cattle and goats on different 
grass species. 
Grass species Log bite rate 
Cattle 	Goats 
Untransformed bite rates 
Cattle 	Goats 
Cp -0.7591 -0.8099 0.1741 0.1549 
Cv -0.7664 -0.7679 0.1712 0.1706 
Hc -0.9243 -0.9141 0.1190 0.1219 
Pm -0.7615 -0.9225 0.1732 0.1195 
Tt -0.7715 -0.7363 0.1692 0.1836 
s.e.d. 0.03344 
Cp - Cymbopogon plurinodis Cv - Chioris virgata Hc - Heteropogon con/onus 
Pm - Pan icum maximum Tt - Themeda triandra 
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Figure 3.6: Change in bite rate as bite size increases for cattle and feeding on grass. 
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Reducing the stem in the grass tufts (RS treatment) allowed the animals to slightly, 
but significantly, increase their bite rates from 0.1496 on the control to 0.1594 
bites/second on the RS treatment (F 1 ,32006 = 5.15, P = 0.02). Thus the significance of 
grass species and treatment can be explained on the basis of bite size. 
There were significant animal species differences in the bite rates, with cattle having 
faster bite rates than goats, 0.1735 and 0.13 75 bites/second, respectively ((F 1 ,320.06 = 
21.5, P < 0.001). This was because cattle had higher bite rates on 3 of the grass 
species, Cp, Cv and Pm (Table 3.16; F 4,320.06 = 4,37, p = 0.002; s.e.d. = 0.03435, p = 
0.05). 
There were no other significant interactions. 
The bite rates depended on the bite size, grass species, the presence of stem in the 
tufts of grass offered, as well as animal species and their responses to individual 
grass species. 
3.3.2.4. Intake rate per metabolic body weight (IIRW °'75) 
As the biomass offered to the animals increased, so did the intake rate per metabolic 
body weight (Figure 3.7, 171,363 = 234.3, P<0.001). This is due to the effect of initial 
biomass on bite size, which is highly correlated to intake rate. Animals would be 
expected to meet their metabolic requirements faster when there is more biomass on 
offer. 
Despite smaller bite sizes and lower bite rates, goats had a higher llRW ° than 
cattle, 18.55 g/sec/W°75 and 5.33 mg/sec/ W075,  respectively (F 1 ,363 = 149.4, 
P<0.001). 
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The differences in bite size and bite rate caused by the treatments did not result in a 
significant difference in intake rate between the 2 treatments (17 1 ,363 = 2.3, P = 0.13). 
So, when stems are still green, animals have similar intake rates on the control and 
RS treatments. This response was similar for cattle and goats on both treatments 
(F 1 ,3 63 = 2.5, P = 0.11). 
The intake rates were similar on all grass species (Table 3.17; F 4 ,363 = 1.325, p = 
0.26). But goats and cattle had different responses to the grass species, for example, 
goats had their highest intake rate on Pm while cattle had it on Cv, making the animal 
species - grass species interaction significant (Figure 3.8, F 4 ,363 = 9.125, P<0.001; 
s.e.d. = 0.2886, P = 0.01). But both animal species had their highest intake rate on 
grass species on which they had had the largest bite sizes. For goats, the ranking of 
IIRW°75 was the same as that for bite size making bite size a good indicator of the 
relative intake rates in different grass species. 
However, for the same grass species, cattle and goats had significantly different 
responses to the treatments (Table 3.17, F 8 ,363 = 2.025, P = 0.04; s.e.d. = 0.1917, P = 
0.05). Whereas, on the other grass species, both cattle and goats had a higher 
ITRW°75 on the control treatment, on Hc cattle had a significantly lower intake rate 
on the control making the response different from that of goats. This must have been 
due to the difficulty of taking large bite in the presence of stems (for the cattle). 
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Table 3.17: Intake rate per metabolic body weight (milligrams DM per second per W 0.75)  of grass on the Control and Reduced-stems (RS) 
treatments by cattle and goats. 
Grass 
	
Log Intake Rate / W 
	
Untransformed Intake Rate / W 






Control - 	 RS Control RS Control RS Control RS 
Cp 2.409 2.319 4.677 3.853 5.8 5.4 21.9 14.8 
Cv 3.276 2.829 4.527 3.794 10.7 8.0 20.5 14.4 
Hc 1.302 1.846 4.755 4.427 1.7 3.4 22.6 19.6 
Pm 2.072 1.652 4.973 4.249 4.3 2.7 24.7 18.1 
Tt 2.474 2.913 3.541 4.276 6.1 8.5 12.5 18.3 
s.e.d. 0.4007 
Cp - Cymbopogon plurinodis 	Cv - Chioris virgata 	Hc - Heteropogon contortus 	Pm - Panicum maximum 	It - Themeda triandra 
3.3.2.5. Estimation of Functional response parameters - cropping time (h) and 
maximum processing rate (Rmax) for grass 
3.3.2.5.1. Cattle 
Cattle required more time to crop larger bites resulting in a positive relationship 
between time per bite (T) and bite size (Figure 3.9; F 1,107.18 = 48.59, P <0.001). The 
regression line had a slope of 0.0001952 (s.e.d. = 0.00004). The reciprocal of the 
slope gave a maximum processing rate (R) of 5123 mg/second. The variation in 
time per bite, and, therefore, intake rate, between grass species was not due to R x 
since it was the same for all species. 
Grass species had a significant effect on T (Table 3.18; F 4,107.18 = 10.63, P < 0.001, 
s.e.d. = 0.377, P = 0.05). As explained in section 3.3.1.5.1, the Y intercept is equal to 
the cropping time per bite (h). Hc had the longest cropping time and it was 
significantly different from all the other species (s.e.d. = 0.377, P = 0.05). For Hc, 
the combination of a smaller bite size and longer cropping time resulted in the low 
i[Rw°75 observed. 
Table 3.18: Estimated cropping time (h) (seconds per bite) for different grass species 
and treatments for cattle and goats. 
Grass species 	 Cattle 	 Goats 
Treatment 	 Control treatment 	Reduced stem 
Cp 5.1 5.1 5.9 
Cv 4.8 5.3 5.1 
Hc 7.4 6.1 6.5 
Pm 	 4.7 	 4.9 	 5.6 
Tt 	 5.1 	 5.2 	 4.8 
s.e.d. 	 0.3877 	 0.445 
Cp - Gym bopogon plurinodis 	Cv - Chioris virgata 	 Hc - Heteropogon contortus 
Pm - Panicum maximum 	Tt - Themeda triandra 
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Figure 3.9: Total time per bite for cattle and goats on different grass species. 
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The effect of grass species on T varied significantly with the treatment (F 5,107.18 = 
2.39, P = 0.036; s.e.d. = 0.3877, P = 0.05). All the other grass species had similar 
cropping time on the 2 treatments, but Hc had a significantly higher cropping time on 
the control treatment, and even though the RS treatment was smaller, it was still 
significantly larger than the treatments for the other species. 
Besides cropping time on Hc, grass species of different characteristics had similar 
cropping time and maximum processing rates. For Cp and Tt where all the stems 
were removed on the RS treatment, the cropping time was the same as for the control 
treatment implying that green stems do not necessarily increase cropping time and 
Rmax. This probably depends on the position of the stems in the tuft and the ease with 
which they can be severed. 
3.3.2.5.2. Goats 
The time per bite increased with the bite size (Figure 3.9; F 1,117.09 = 23.9). The slope 
for the regression was 0.001156 (s.e. = 0.00033), and its reciprocal gave an Rmax of 
865 mg/second. All the grass species had the same value, thus goats could process 
the same amount of plant material in the absence of cropping per second on all grass 
species. 
But the cropping time tended to be different between grass species (Table 3.18, F 
4,117.09 = 4.41; P = 0.05). He had the longest cropping time and it was significantly 
different from all of the grass species except Cp (s.e.d. = 0.445, P = 0.05). Tt, which 
had the shortest cropping time, was also different from Cp. 
There were no treatment differences in T, therefore the term was not included in the 
model for estimating functional response parameters. 
3.3.2.6. Chewing effort (Ce) 
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The two treatments were offered to the animals in a random order, and the species 
which was fed first tended to have a lower Ce than the one fed second, 342 and 388 
mg/chew (F 1 ,352 = 9.7, P = 0.002). 
Chewing effort was positively related to bite size (F1,3 52 = 3450.1, P < 0.001). 
Hence, before the maximum molar loading volume of an animal is reached, the 
amount of feed they can process per chew is limited by bite size and increases 
linearly with bite size (R 2 = 0.83) as shown in Figure 3.10. 
Figure 3.10: Change in chewing effort with bite size on grass offered to cattle and 
goats. 
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Cattle could process 3 times more grass per chew than goats, 609.6 and 182.3 
mg/chew, respectively (F1,352 = 632, P <0.001). The animal species - grass species 
interaction was also significant (F 4 ,352 = 4.125, P = 0.003; s.e.d. = 0.8846, P = 0.001). 
Although cattle had significantly larger Ce values on all grass species, the animal 
species responded differently to the grass species, for example, cattle had their largest 
Ce on Cv (on which they had the largest bite size) which ranked third for goats. 
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Table 3.19: Chewing effort (milligrams DM per chew) of grass on the Control and Reduced-stems (RS) treatments by cattle and goats. 
Grass species 	 Square root Chewing effort 	 Untransformed Chewing effort 
Cattle 	 Goats 	 Cattle 	 Goats 
Control RS Control RS Control RS Control RS 
Cp 23.96 25.59 14.93 12.54 574.08 654.85 222.90 157.25 
Cv 25.21 28.63 13.92 13.28 635.54 819.68 193.77 176.36 
Hc 19.94 23.14 13.53 12.54 397.60 535.46 183.06 157.25 
Pm 25.58 25.67 13.44 13.94 654.34 658.95 180.63 194.32 
Tt 25.75 23.48 13.11 13.81 663.06 551.31 171.87 190.72 
s.e.d. 1.236 
Cp - Cymbopogon plurinodis Cv - Chioris virgala Hc - Heteropogon contortus Pm - Panicum maximum Tt - Themeda triandra 
Grass species had significantly different Ce values (Table 3.19, F 4 ,352 = 6.525, P < 
0.001, s.e.d. = 0.615 1, p = 0.05). Cv had the highest Ce value and Hc the lowest. 
The grass species which had the highest bite size (Cv) had the highest Ce value 
concurring with the Ce - bite size relationship in Figure 3.10. The different Ce on 
grass species, all of which had the same maximum processing rate, imply a negative 
relationship between Ce and the maximum chewing rate (the product of these 2 is 
Therefore larger bites result in slower maximum chewing rate. 
Animals processed the same amount of materials per chew on both treatments (F 1 ,3 52 
= 0.6, P = 0.44). But the animal species - treatment interaction was significant (F 1 ,3 52 
= 4.9, p = 0.03), because cattle had a higher Ce values on the reduced stem treatment 
(on which they took larger bites) while the opposite was true for goats (Table 3.19, 
s.e.d. = 0.5810, P = 0.001). 
The interaction of grass species, animal species and treatment was significant (Table 
3.19, F 8 ,352 = 2.4, P = 0.02, s.e.d. = 1.236, P = 0.001). This means that, for the same 
grass species, cattle and goats responded differently to the treatments. Cattle had 
higher Ce values for all species on the reduced stem treatment except for Tt, while 
for goats it was on the control except for Pm and Tt. The Ce values correspond with 
the bite sizes on these species and treatments (see Table 3.15). 
3.3.2.7. Bite depth 
3.3.2.7.1. Bite depth on leaf 
Figure 3.11 shows that the depth to which grass was bitten by animals increased with 
an increase in the initial height of the leaf offered (F 1 ,320.19 = 205.9, P < 0.001), but 
this did not translate into any relationship with either bite size or intake rate as was 
expected. 
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Figure 3.11: Increase in bite depth with initial height of leaves for cattle and goats 
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The bite depths differed with grass species (Table 3.20, F4,320. 1 9 = 21.25, P < 0.001). 
Tt had the maximum leaf bite depth while Pm had the least after fitting the initial 
height as a covariate. Cp, Cv and Hc had similar bite depths while all the other 
combinations of grasses were significantly different from each other (s.e.d. = 1.104, 
P= 0.05). 
Cattle had a significantly higher bite depth of 16.1 and goats had 13.7 cm (F 1 ,320 1 9 = 
6.8, P = 0.001). Possibly they were better at harvesting stem which increased down 
the tuft. But the reduction of stems (RS treatment) did not result in a change in the 
bite depth (F 1 ,32019 = 0.8, P = 0.37) implying that the presence of stems did not limit 
bite depth for the animals. 
Only the animal species - grass species - treatment interaction had significant effects 
on the bite depth (F8,320.19 = 2.025, P = 0.04). Cattle had significantly higher leaf bite 
depths on Cp and Pm control treatments, as well as Cv RS treatment, than goats - 
(s.e.d. = 1.941, P = 0.05). 
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Table 3.20: Bite depth (cm) on Leaf and on Stem of grass species eaten by cattle and goats. 
Grass species 
	
Leaf Bite Depth 
	








Control RS Control RS Control RS Control RS 
Cp 19.31 17.58 13.14 15.24 29.64 24.53 
Cv 16.15 16.46 15.29 12.45 27.64 26.31 27.53 23.27 
Hc 14.31 17.51 13.80 17.78 21.24 24.97 22.08 24.45 
Pm 11.92 9.59 6.81 6.16 14.33 15.58 10.93 11.60 
Tt 19.30 19.28 16.55 19.26 27.26 24.57 
s.e.d. 1.941 2.180 
Cp - Cymbopogon plurinodis Cv - Chioris virgala Hc - Heteropogon contortus Pm - Panicum maximum Tt - Themeda triandra 
3.3.2.7.2. Bite depth on stem 
On a particular day, the animal species whose trials were run in the afternoon had 
significantly higher stem bite depths than the ones fed in the morning, 23.99 and 
22.33 cm, respectively (F,, 266 . 94 4.7, P = 0.03). 
In Figure 3.12 the bite depth on stem increased with the height of the stem before 
feeding (F,,266 . 94 = 977.5, P < 0.001). There were significant grass species 
differences in stem bite depth after fitting initial stem height as a covariate (Table 
3.20; F4 ,26694 = 51.4, P < 0.001). Cp, Cv and Tt had similar stem bite depths while 
all the other combinations of grass species were significantly different (s.e.d. = 1.149, 
P = 0.05). Hc and Pm had the smallest bite depths on stems, their stems seemed to 
be harder to sever than the others (observation). 
There were also some significant animal species effects on bite depth (F,, 266 . 94 = 4, P 
0.05). Cattle had a higher bite depth than goats, 23.37 and 21.12 cm, respectively. 
No interactions were significant. 
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Figure 3.12: Increase in bite depth with initial height of stems for cattle and goats on 
different grass species. 
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3.3.2.8. Selection of plant parts during feeding 
There was a positive linear relationship between the proportion of leaf offered and 
the proportion of leaf in the diet (Figure 3.13; F 1,241.07 = 652.61, P < 0.001). 
However, the rate at which proportion of leaf in the diet changed was significantly 
different between grass species, this resulted in a significant interaction between 
grass species and the proportion of leaf offered (F 4,241.07 = 13.82, P < 0.001, s.e.d. = 
0.2426, P = 0.05). Cv had the greatest rate of increase (slope) and this was similar to 
that of Cp and Hc, while Pm, which was similar to Cp and Tt, had the lowest rate of 
response. 
Figure 3.13: Relationship between the proportion of green leaf offered and the 
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For the same proportion of leaf in a tuft offered, there was a significantly higher 
proportion of leaf in the diet on Pm, while all the other species were similar (F 4,241.07 
= 49.27, P < 0.001; s.e.d. = 0.1362, P = 0.05). While reducing stems resulted in a 
higher intake of green leaf (Figure 3.14, F 1,241.07 = 17.54, P <0.001). 
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Cattle and goats had similar proportions of leaf in their diets (171,241.07 = 1.09, P < 
0.3). 
No other interactions were significant. 
The analysis to test if there was selection for leaf showed that Pm is the only species, 
on which animals selected for green leaf (Figure 3.13, F 60,59 = 22.627, P <0.001). 
On the other 4 species, the animals had the same proportion of leaf in the diet as was 
offered to them (Table 3.21). The treatment differences observed in the initial 
analysis were not significant when grass species were considered individually. 
Figure 3.14: Relationship between proportion of green leaf offered and the 
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Table 3.21: Intercept (a) and slope (b) of the regression lines of the proportions of green leaf in the diets eaten by cattle and goats on the 
proportion of green leaf offered for different grass species and the statistical significance of the comparisons of the regression lines to unity. 
Grass species 	 Y - intercept 	Slope 	RSSm2 	RSSm1 	P-value 	rh 
Cymbopogonpiurinodis -0.053 1.069 0.09189 0.0933 1 0.94 
Chioris virgata -0.097 1.068 0.8099 0.8154 1 0.85 
Heteropogon contortus 0.0602 0.918 0.3942 0.3978 1 0.81 
Panicum maximum 0.560 0.311 0.9932 1.7550 <0.001 0.49 
Themeda triandra -0.012 0.967 0.1934 0.1941 1 0.89 
MMOUTGUMILIM 
3.4.1. Browse intake experiment 
Branches from the same species of browse can have quite variable characteristics, 
such as leaf size, thorn density and length, and these affect the intake rate of animals. 
Although care was taken to collect branches from the same area, there are likely to 
have been within species variations which could not be accounted for because the 
branches used were not assessed or objectively screened to control the sources of 
variation. 
3.4.1.1. Characteristics of browse and foraging efficiency 
This experiment showed that leaf density, leaf size and thorns/spines work in 
interaction to deter herbivory. When the effects of these physical deterrents resulted 
in a reduced bite size (HL for cattle) and bite rate (NT for cattle), then intake rate was 
reduced due to the high correlation between intake rate and bite size. The results 
show a potential for the use of physical characteristics to predict diet selection. 
3.4.1.1.1. Leaf density 
Both cattle and goats were unable to compensate for the lower bite sizes on a reduced 
leaf density treatment, resulting in the observed lower IIIRW 0 * 75  A greater impact on 
hR is expected when the characteristics of browse affect bite size due to its high 
correlation with hR (0.8 in this experiment). Even higher correlation values of 0.95 
and 0.94 have been observed in bushbuck (Tragelaphus scriptus) and boer goats 
(Capra hircus) feeding on browse (Haschick and Kerley, 1997). On rangeland, the 
leaf density on all browse species is high during the wet season. Since most of the 
tree species are deciduous, senescence sets in with the dry season resulting in lower 
leaf density. There are also differences in leaf densities between browse species, 
those with clustered leaves (e.g. Ca) would have higher leaf densities than Acacia or 
IK1 
Sv. Animals are thus faced with varying leaf densities within and between seasons. 
The utilisation of a browse species is, therefore, expected to change with seasons 
provided there are other species offering higher leaf densities. This concurs with 
Cooper and Owen-Smith's observation (1986) that if the leaves do not offer a 
minimal acceptable bite size, the browse species may be rejected. White-tailed deer 
(Odocoileus virginianus) readily consumed browse species with lush leaves (higher 
leaf density, Koerth and Stuth, 1991) showing selection for this characteristic. 
When the HL treatment was applied, for browse species with thorns, the thorns were 
not removed. Although this represents species with low densities naturally or due to 
senescence, it confounds the effects of thorns and reduced leaf density. A fourth 
treatment with both thorns and leaf density removed would have untangled these 
effects resulting in a deeper understanding of the level of deterrence caused by both 
characteristics separately and together. This would be particularly important for 
cattle whose hR was affected by both leaf density and thorns. 
3.4.1.1.2. Spines / Thorns 
On the other hand, only cattle were deterred by thorns resulting in lower II1RW 0.75 
The presence of thorns tended to reduce bite rates due to the higher cropping time 
and bite size due to a limited biting area. Cooper and Owen-Smith (1986) also found 
that removing thorns on Acacia tortillis resulted in an increase in bite rate. In 
Belovsky et al, (1991) thorns reduced intake rate by reducing the bite size through a 
reduction in twig diameter clipped and that at the same diameter the biomass was less 
for thorned species and there was no reduction in bite rate. This is contrary to our 
findings where bite rate was reduced and very few (Gross et al., 1995) or no twig tips 
were bitten at all on species with sharp thorns. Therefore, the mechanism of defense 
tends to vary between browse species and animal species. 
The fact that cattle even stopped feeding in 10% of the trials shows that there is a 
limit to the level of discomfort that the animals are able or willing to endure. There 
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seems then to be a need to balance the cost of cropping (being pricked, cropping 
time) and the benefit (bite size, and then intake rate). 
For species with thorns, the effects of thorns were coupled with those of leaf size. 
Acacias, with the same leaf structure as Dc, had a lower intake rate due to their leaf 
size and the relationship between leaf size and thorn length. As observed by Cooper 
and Owen-Smith (1986) and Dunham (1980), species with leaves longer than the 
thorns (Dc), had higher intake rates than the Acacias. Although the animals were still 
pricked on Dc, they had greater chances of cropping a larger bite and the cropping 
time was also reduced. This could be the reason why some Acacia species on 
rangeland end up with thorns relatively longer than the leaves below the browse line 
(to enhance the defense against herbivory). It is important to note that, within the 
same browse species, or on the same tree, both relationships between leaf and thorn 
length may exist. This makes evaluation of browse species for use by cattle more 
cumbersome, but the choice would be for the ones with longer leaves on which they 
are more efficient. 
The effective deterrence of cattle by thorns can thus be explained on the basis of the 
shape of the mouth (Owen-Smith and Cumming, 1993; Illius and Gordon, 1987) and 
the cropping technique. Cattle have large mouths which are better suited for 
harvesting grass (Provenza and Baiph, 1987). The mouths were wider than the 
spacing between thorns. This means that they could not crop leaves without 
confronting the thorns. The straight thorns tended to prick the animals as they 
harvested and the hooked thorns on Zm hooked on to the tongue like claws, and this 
was more difficult for the animals to unclutch. Impala (Aepyceros melampus) had its 
bite rate reduced because its tongue got caught by the small curved thorns on Acacia 
tortillis (Dunham, 1980). Since cattle do a sweeping movement with their tongue to 
hold the leaves before severing, their encounter with thorns is higher compared to 
goats which pluck off the leaves. 
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On the basis of the cattle's response to thorns, and the observed 8-fold difference in 
hR between Ca and Acacia species, cattle are expected to avoid species with thorns 
on rangeland. Acacias and other thorny species restrict the cattle's bites to single or a 
few leaves at a time as observed in kudus (Cooper and Owen-Smith, 1986). Species 
such as Ca and Gm allow the cattle to take advantage of their large mouthparts and 
harvest leaves as well as twigs increasing their bite size and therefore intake rate. 
But the consumption of stems does lower the quality of browse consumed (Haschick 
and Kerley, 1997). In the long term, this could have effects on digestion and 
rumination rates, but cattle have a greater capacity to process low quality food than 
goats. 
In the presence of thorns, goats were not limited in the bite size they could take. This 
was due to the size and shape of the goat's mouth, which is adapted to many plant 
defenses (Koerth and Stuth, 1991) and its harvesting technique. Goats pluck leaves 
off with their incisors and their narrow pointed mouths allowed them to harvest with 
minimal discomfort in the presence of thorns. When feeding on species with 
thorns/spines, boer goats also used single bites more than molar which would have 
involved clipping some twigs (Haschick and Kerley, 1997). However, bushbuck 
(Haschick and Kerley, 1997) and boer goats had reduced intake rates on spinescent 
browse species in South Africa (Haschick and Kerley, 1997). This is because both 
animals had smaller bite sizes on these species and increased bite rate could not 
compensate for the small bite size. The responses underscore the importance of bite 
size as a parameter driving the intake rate, and therefore potentially diet selection 
when the objective is to optimise intake rate. 
The ability of goats to maintain high intake rates on thorny species means that they 
have a wider range of resources from which to select their diets on rangeland. The 
ability of an animal species to ingest a forage resource is an opportunity for 
competition or resource partitioning between animal species (Haschick and Kerley, 
1997). In mixed species grazing with cattle, goats would have no competition on 
thorny species. So the productivity of an area can be enhanced. 
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3.4.1.2. Functional response parameters - cropping time (h) and maximum 
processing rate (Rmax) 
The mechanism of intake of browse by cattle and goats shows differences in their 
efficiency of manipulating leaves before consuming and processing them. The 
cropping time has been briefly discussed above in terms of how it affected different 
animal species, browse species and treatment responses. The removal of thorns 
reduced the cropping time for cattle significantly while goats were not affected by the 
treatments in terms of cropping time. Animal species ranging from lemmings 
(Dicrostonyx groenlandicus - 50 grams weight) to cattle (548 kg weight) had an 
average cropping time of 0.84 seconds per bite (Gross et al., 1993b). This value is 
very different from those in our experiment, but this confirms the fact that h depends 
on the characteristics of the forage. In the former case, alfalfa (Medicago sativum) 
was deliberately chosen for its acceptability to all species to ensure that the animals 
would feed. Because of its physical characteristics, it is also easier to handle for the 
larger animals in contrast to browse species with thorns and small leaves. The higher 
values of h we got were a function of leaf size and physical deterrents to biting. 
Handling times of up to 3 seconds per bite have been observed in giraffe (Giraffa 
camelopardalis) feeding on a non-thorny Acacia species (Ginnett and Demment, 
1995) and Illius et al (in press) found an average of 2 seconds per bite (range 0.72 - 
4.71) for European roe deer (Capreolus capreolus) feeding on different browse 
species. 
Cattle had generally higher cropping times on browse species than did goats. The 
high cropping time on Sv could be related to both the presence of prickly branchlets 
as well as smaller leaves, which would be more difficult to handle for cattle. Goats 
had a much higher cropping time on Ca despite the fact that it had no thorns resulting 
in a much lower bite rate due to the larger leaves (Haschick and Kerley, 1997). They 
also seemed to have difficulty in cropping it and due to the larger bite size, more 
mastication time was required before severing the next bite. 
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Animals are thought to select species to feed on the basis of the handling time 
(cropping and processing time) rather than physical or chemical characteristics 
(Spalinger et al., 1986) because the less time they take to meet their nutritional needs, 
the more time they have for other activities. Cropping time, for the same browse 
species, increases with bite size and thus variable for the same browse species. 
The maximum amount of herbage that the cattle could process per unit time was the 
same for all browse species. This could be because the characteristics of browse 
controlling processing such as NDF were not different enough to result in a species-
specific Rnla,, value. value is 2.6 times greater than that for cattle fed alfalfa 
(Gross et al., 1993b). Gross et a! (1993b) do not give information on the quality of 
the alfalfa used in the experiment, and the fibre content could be part of the 
explanation since processing can be limited by the fibre content of the plant. 
Alternatively, cattle might have decided to compromise on chewing so as to 
maximise on intake rate. They would then further process the food during 
ruminating. 
Although cattle had the same 	on all browse species used in the experiment, from 
the Ce values, cattle has different maximum chewing rates (Cf, chews per second) on 
the browse species. This means a negative relationship between Ce and Cf, 
suggesting that larger bites (since there is a strong correlation with Ce) take longer to 
process resulting in a low rate of chewing. 
for goats, however, differed with browse species. Ak had a much higher 
The reasons for this magnitude of difference with the other browse species are not 
clear but it might be partly due to the higher level of lignin in the leaves (see Table 
3.2). A high level of lignin means that the leaves can be fractured quickly (Spalinger 
et al., 1986) allowing more processing to be done per unit time. 
143 
3.4.2. Grass intake experiment 
Collecting tufts from rangeland and using them in the experiment meant that the tufts 
would be variable in leaf and stem density, height, bulk-density and in vertical and 
horizontal distribution of these plant parts. The heterogeneity that existed in the tufts 
could have confounded with the parameters we were interested in assessing. But the 
advantage is that realistic efficiencies on the different species are assessed. For 
species such as Cv, which are usually a single blade, several blades were put together 
resulting in a more compact arrangement than would be on the range. Therefore, the 
bite sizes observed might be an overestimation of what happens on the rangeland. In 
trying to overcome the confounding of stems with a change in leaf quality, tufts at the 
reproductive stage of growth were used. But removing of stems was only limited to 
the inflorescence for some of the grass species, resulting in a very small reduction in 
stems. 
3.4.2.1. Characteristics of grass and foraging efficiency 
Each of the animal species, cattle and goats, had similar IIRW 0.75  on all the grass 
species that were offered during the experiment despite the differences in physical 
characteristics such as height and stems. The observed differences in efficiency were 
a result of the animal species and the biomass that was offered. 
3.4.2.1.1. Biomass 
Bite size had a correlation of 0.96 with biomass offered to the animals. A similar 
response was shown by Ginnett et al (1999). The biomass was used as a covariate in 
analysis of intake rate with a correlation of 0.82 and 0.89 for cattle and goats 
respectively. Positive linear relationship was found for cows and calves feeding on 
grass between herbage allowance and herbage disappearance (Stuth and 
Chmielewski, 1981). Although herbage disappearance may include other losses such 
as trampling, it is a good estimate of intake rate. 
144 
At patch level, the biomass available can then be used to predict intake rate. And 
intake rate is expected to be quite variable on savanna rangelands since they are 
spatially and temporally variable. 
3.4.2.1.2. Stemminess 
At the same stage of growth, while stems are still green, the animals could 
compensate for lower bite sizes on RS treatment by increasing bite rate and therefore 
maintaining 1IRW 0.75 Considering the fact that the grass species used in the 
experiment had different physical characteristics, this response has a lot of 
implications on the range utilisation of grass resources. If, with different 
characteristics, animals can use different grass species with the same efficiency, 
animals can utilise what is available, or in the presence of several species, they can 
target to maximise on quality by choosing tufts with more leaf, without 
compromising the dry matter intake rate. 
But cattle had an exception to this on Hc, on which it was more difficulty to get 
larger bites on the control treatment due to the way in which they feed, from the top 
to the bottom of the tuft. The inflorescences of Hc (which were quite prickly) made 
it difficult to harvest and this resulted in the lower intake rate and higher h value for 
Hc. Forbes (1988), notes that bite size is reduced when the flower horizon appears. 
Two possible explanations are given, the first being that the animal becomes more 
selective, and the second, which seems more likely in this case, is that the density of 
leaf in the surface horizon is reduced greatly. Further, the presence of stems can limit 
the bite size due to a reduced bite area, which changes with the properties of the plant 
as they mature (Flores et al., 1993). Reproductive maturity also means leaf 
senescence, and the leaves of Hc are avoided by animals when they senesce. 
The response of the goats to Hc concurs with O'Reagain et a! (1996). During 
feeding, goats were observed targeting the lower part of the tuft to take a bite. The 
bite, which was larger than the mouth, was processed from the bottom to the tip of 
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the tuft. Where the inflorescence was undesirable, it was then spat out of the mouth. 
Therefore goats would eat more stems per bite in the control treatment than in the 
RS, and yet still manage to avoid the inflorescence of the plants. The utilisation of 
stems in this experiment was mainly due to the fact that they were still green and, 
therefore, less tough and more acceptable as feed. 
3.4.2.1.3. Bite depth 
Bite depth increased with the initial height of the tufts, as observed elsewhere (Black 
and Kenney, 1984; Ungar et al., 1991; Flores et al., 1993; Bakker et al., 1998). But 
contrary to other findings (Black and Kenney, 1984; Forbes, 1988; O'Reagain et al., 
1996), plant height was poorly correlated with intake rate (0.11). According to the 
findings of Black and Kenney (1984), sward height was related to intake rate only 
when the tiller density was not variable. 
These findings refer to temperate species and in tropical grasses, leaf density had 
more effect on bite size than height (Forbes, 1988). The lack of a relationship 
between bite depth and bite size could have been better explained if the bulk density 
and bulk area had been measured. In a model, Ungar and Noy-Meir (1988) suggested 
that when bite depth was not limited by the height of the grass, an increase in height 
at the expense of bulk density would reduce intake (also see (Flores et al., 1993). 
3.4.2.2. Proportion of leaf in the diets of cattle and goats 
Goats, like other small herbivores, were expected to forage in such a way as to 
maximise the quality of their diets. If that was the case, then they would have 
selected for green leaf, but goats and cattle had the same proportion of green leaf in 
their diets as was offered to them. One possible explanation could be that, since the 
stems were still green, they were not difficult to sever and process. Secondly, for 
some species, due to the structure of the plant (i.e. Cv, compact making it difficult to 
penetrate the stems), selecting for leaf could have significantly reduced intake rate. 
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So if the objective was to maximise intake rate, then selection for leaf, which might 
have increased cropping time, would not have been an option. Thirdly, sheep have 
been shown to be better at selecting on short swards (76 mm) (Bakker et al., 1998) 
and the tufts in the experiment were not short (range 110 to 634 mm). 
Where species offer the same proportion of leaf, and there is no selection for leaf, 
species maximising on dry matter or nutrient intake rate are expected to be selected. 
However, there was selection for green leaf on Pm species. From the observations 
made during the experiment, it seems that selection was facilitated mainly by the 
structure of the grass leaf and stem (Hodgson, 1985) but also by the feeding habits of 
the animals, particularly cattle. Pm is a lush species and had the highest leaf to stem 
ratio of 2.6 in the top horizon (which was foraged on). What distinguished it most 
from the other grass species was the leaf to stem ratio below the grazed horizon. Pm 
had a ratio of 0.44 while the other large tufted species (excluding Cv) averaged 1.98, 
being not so different from their grazed horizons. Therefore, it is fair to say that the 
higher proportion of stem in Pm below the grazed horizon created a barrier that 
would have been more difficult to penetrate (Flores et al., 1993). The restriction of 
stems on Pm is further supported by the fact that the bite depth on leaves (Figure 
3.12) were mostly less than half of the initial height showing that the stems were a 
barrier. The potential bite depth is estimated as half of the initial height and is 
defined as the depth in the absence of stems on a horizontally and vertically 
homogenous tuft (Ungar et al., 1991), also see (Flores et al., 1993). Since cattle feed 
in a top down way, it gave them the advantage of consuming more green leaf. Goats 
managed to achieve the same as cattle by biting big bites from the side of the tuft. 
3.4.2.3. Functional response parameters - cropping time (h) and maximum 
processing rate of grass 
In an experiment using hand-constructed swards of grass, a similar slow rate of 
increase in time per bite as the bite size increased was observed (Laca et al., 1994). 
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There seems to be no information in the literature about actual values for cropping 
time and on different grass species. However, Parsons et a! (1994), in their 
model, showed a linear relationship between bite size and handling time (cropping 
plus mastication) in two temperate grass species after assuming a fixed cropping 
time. In our studies, we estimated cropping time, which was the same for all the 
grass species. For cattle in particular, the grass has to be a certain minimal height to 
make it possible to handle with its tongue before severing. Since the grasses were 
not short, this could be the reason why cropping time was similar. 
Hc was an exception for both cattle and goats. This has more to do with the structure 
of the grass than the treatment effect. The inflorescence of Hc is prickly and requires 
more tact to manipulate for cropping. For cattle, it has a high cropping time resulting 
in a low bite rate and consequently low intake rate. For goats, however, the longer 
cropping time did not translate into reduced intake rate. 
Spalinger et al (1986) suggested that the selection of species was on the basis of 
handling time rather than physical and chemical characteristics. But, in general, 
grass species in this experiment had the same cropping time for cattle and goats. The 
implication is that reducing the stems in the tufts did not result in a reduction in 
cropping time. In a case such as this one, the animals have to use different criteria 
for selecting, such as the proportion of leaf per bite since this will result in a higher 
quality diet than the average of the rangeland. 
3.4.3. Foraging efficiency of cattle and goats on browse and grass 
Table 3.22 gives the summary of the different foraging parameters for the browse and 
grass intake experiments, allowing a comparison between the utilisation of browse 
and grass for cattle and goats. Cattle were more efficient when feeding on grass than 
on browse. This is mainly due to the fact that their mouthparts are well adapted to 
manipulate grass. 
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Goats on the other hand had similar intake rates on grass and browse in spite of the 
differences in bite rates and sizes (Figure 3.15). It is expected that in a free-ranging 
situation, where the livestock might be limited for time, cattle would opt to graze 
rather than browse if the feeding objective is to maximise intake rate, as shown by 
the ranking in Figure 3.15. But, cattle can achieve the same intake rates as grass on 
broad-leaved (large leaf area) browse species such as Ca and Gm; therefore, these 
could also be part of the diet. Goats, on the other hand, have the flexibility to use 
both resources (Cooper and Owen-Smith, 1986). They might tend to have more 
browse than grass in their diet because of the lower cropping time and higher quality. 
As a consequence of such a decision, competition with cattle on rangeland would 
also be reduced. Even for the same grass species, due to their harvesting technique, 
cattle can create shorter tufts of grass on which goats can be more selective. 
In conclusion, knowledge of the mechanisms involved in the utilisation of rangeland 
resources should be used in predicting the nutritional outcome for different animal 
species. The animal species and numbers can be matched to optimise the 
productivity of rangelands while conserving the diversity of resources. Therefore, 
other animal species that are found in mixed species grazing systems also need to be 
evaluated to allow a holistic approach to management of rangelands. 
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Table 3.22: Bite rate (bites per second), bite size (milligrams), Instantaneous intake rate per metabolic body weight (IIRW °75, milligrams 
per second), cropping time (h, seconds per bite) and maximum processing rate milligrams per second) of browse and grass for cattle 
and goats under a controlled experiment. (The range is given in brackets). 
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- R, of goats excluding Acacia karroo that had a very large value. 
In these experiments, the browse and grass species were fed individually and for a 
short time. This was necessary in order to understand the mechanisms involved in 
feeding on the different forage types. So the selection of different functional groups 
(browse or grass) and for species within these groups has to be considered in a free-
ranging system where aspects of plant species densities, spatial distribution of 
resources, species diversities and other parameters begin to influence the foraging 
strategies of the animals. 
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Figure 3.15: Ranking of browse and grass species for cattle and goats on the basis of 
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Summary 
• Thorns and reduced leaf density lowered intake rates of cattle on browse by 
limiting the bite size in both treatments and bite rate in the former treatment. Bite 
rate was reduced due to an increase in cropping time (h) per bite taken on thorny 
species. On the other hand species with larger leaves (mainly with no thorns) had 
a lower cropping time resulting in higher intake rates. 
• Intake rates of goats were lower on browse species with reduced leaf density, but 
thorns had no effect on intake. Their bite sizes were larger than those of cattle on 
thorny species. However, the functional response parameters (i.e. cropping time 
(h) and maximum processing rate (R) were affected by the individual browse 
species. Species with thorns had the lowest cropping times. 
• On average, goats had higher bite rates than cattle on browse and these were 
negatively correlated with bite size. 
• Cattle had ffR°75 on broad-leaved browse species which were similar to those on 
grass implying that cattle can potentially substitute grass with broad-leaved 
browse species without a reduction in ER. 
• Bite size and, therefore, IIRW 0.75  increased with the grass biomass offered. 
Animals managed to compensate for the reduced bite size (treatment effect) and 
bite rate (in response to bite size) resulting in a similar ITRW 0*75 
• Bite depth increased with the initial length of stems and leaf blades. But, bite 
depth was poorly correlated with intake rate and was, therefore, not a useful 
parameter for estimating intake rate. 
• Bite rate, for both cattle and goats was limited by cropping time. Species with 
stems that seemed tougher (Cp, Hc) had longer cropping time otherwise both 
animal species had each the same R.. on all grass species. 
• In general, cattle and goats did not select for green leaf while they were feeding 
on grass, the proportion of leaf in the diet corresponded to the proportion of green 
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leaf offered, probably because the stems were still green. Pm was an exception 
and this was due to its structure rather than a deliberate effort by the animals to 
select for green leaf. 
• Per metabolic body weight, goats had higher intake rates than cattle on grass and 
browse in the short term. Because of their mouthparts, goats were better adapted 
to use thorny browse species. On rangeland, cattle would be expected to browse 
on broad-leaved non-spinescent species where higher intake rates could be 
achieved, whereas goats could use both types of browse. On grass, utilisation 
would most likely depend on the characteristics of the grass such as biomass and 
stage of growth rather the species per Se. 
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CHAPTER 4 
FORAGING STRATEGIES OF CATTLE AND GOATS UNDER DIFFERENT 
BROWSE AND GRASS REGIMES 
4.1. INTRODUCTION 
The chances of different livestock species surviving from one season to another in a 
semi-arid savanna free-ranging system depends on their ability to adjust their 
foraging strategies to meet their nutritional requirements (see Laca and Demment, 
1996). The animal strategies consist of relevant patterns of foraging behaviour 
which, when employed, can mitigate the effects of seasonal changes in abundance, 
quality, spatial distribution and form of different food resources, thus maximising 
intake rate of nutrients (Arnold, 1987a). The animal strategies are an interaction 
between the animal behaviour, the availability of food resources and the management 
of the animals (Dicko-Touré, 1980b). Management strategies aimed at dealing with 
spatio-temporal variation in vegetation resource availability are expected to be more 
sustainable since productivity of semi-arid rangelands is now thought to be 
influenced by density independent factors (for example climatic variability) (Bourn 
and Blench, 1999). 
This chapter describes the results of a series of experiments to investigate the 
foraging strategies of cattle and goats under conditions of different abundance of 
browse and grass during both the wet and the dry seasons over a period of two years. 
The efficiency of the cattle and goats strategies in mitigating the environmental 
differences in resources was determined in terms of the daily intake, diet digestibility 
and weight changes in the animals. This chapter also provides information on the use 
of browse species by cattle and goats, diet overlap and the implications for a mixed 
grazing system. Such information is important for evaluating food resources with 
respect to animal species and matching animal species to available resources so as to 
ensure sustainable production of both the animals and the plants on rangeland. The 
time when nutritional bottlenecks occur can be predicted and management 
interventions can be targeted for such periods to ensure productivity of the animals. 
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4.1.1. Intake rate maximisation 
According to the optimal foraging theory, animals, when feeding, seek to maximise 
some currency related to fitness (Laca and Demment, 1996; Illius et at., 1999, also 
see Distel et al., 1995). The currency is the criterion used to evaluate different 
behavioral options according to their effects on performance (Laca and Demment, 
r996). There are different currencies that have been used in foraging models, (such 
as long-term intake rate of net energy, intake rate of digestible energy and dry matter 
intake rate, avoidance of predation) most of which take into account the nutritional 
consequences of feeding strategies (Laca and Demment, 1996). The grazing 
strategies employed by different animal species may be directed at different things. 
For example, Hodgson (198 1) observed that sheep aimed to maintain dietary nutrient 
concentration while cattle aimed to maintain intake rate and reports that the response 
of sheep is consistent with small ungulates. 
The daily intake rate is a product of the foraging time and the average of many (n) 
short-term or instantaneous intake rates that occur at the patch level throughout the 
daily feeding periods ((sumJIRIn) X foraging time). The total time spent foraging in 
a day depends on the animal species (Grant et al., 1985; Sibanda, 1993), the 
abundance of resources, the spatial distribution of resources (heterogeneity), (Grant 
et al., 1985) and the heterogeneity in quality of potential food (Minson, 1987). The 
foraging strategies used by the animals are, therefore, aimed at mitigating the effects 
of these constraints to maximise daily intake. 
4.1.1.1. Animal species 
Goats have been defined as mixed feeding opportunists because they can adapt to 
temporal (seasonal) and spatial changes in food resources much faster than cattle and 
sheep (Lu, 1988). The morphology of their mouths allows them to be more selective, 
unlike cattle that have wide, immobile lips (Grant et al., 1985). Smaller species also 
require better quality food due to their higher metabolic rate (Jarman and Sinclair, 
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1979). Consequently, on a rangeland where the components of relatively better 
quality are intricately mixed with the poorer ones, cattle would not be expected to be 
capable of selecting the better quality components when the desired species 
distribution is smaller than the biting area, as determined by the mouth size of the 
animal. In which case, cattle would be more sensitive to the average quality of the 
rangeland resources than would goats. For example, in a grass sward where the 
green leaves, dead leaves and stems are intricately mixed, cattle would be limited in 
their ability to select for green leaf, while goats would be expected to have more 
green leaf in their diet (see Prache et al., 1998). 
Fibre digestion is positively related to herbivore size due to longer retention time in 
larger animals (Van Soest, 1983; Illius and Gordon, 1992) and there is no difference 
in the anatomy of the digestive system between browsers and grazers as previously 
suggested (Gordon and Illius, 1996). Allometric relationships do not define foraging 
behaviour, but provide constraints to the optimization process and this sometimes 
means that certain foods or activities are excluded from the foraging strategy of an 
individual (Belovsky et al., 1999b). 
In a natural rangeland with diverse vegetation types, a higher diversity of animal 
species is expected as shown by Turpie and Crowe (1994). With domestic animals, 
mixed species grazing would be expected to ensure more efficient utilisation of 
resources if resource utilization overlap does not result in competition. This could be 
on the basis of use of separate sets of resources or vertical separation as observed 
with cattle and sheep grazing together (Minson, 1987). There is potential for 
resource differentiation at the species level for browse because of the presence of 
physical deterrence which small animals such as goats are better positioned to deal 
with due to their smaller mouth parts than cattle (see chapter 3). 
4.1.1.2. Resource availability and distribution 
Herbage allowance can be assumed to influence intake through its effect on the rate 
at which animals graze down through successive horizons in the sward (Hodgson, 
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1981). In studies on patch depression and the relationship between sward structure 
variables, Ginnett et al (1999) observed that on initially tall swards, instantaneous 
intake rate decreased as the pre-grazing biomass reduced. Other workers have also 
shown that the height of a sward was the determinant of bite volume and bite size 
due to its influence on bite depth (Mitchell et al., 1991; Burlison et al., 1991; Hughes 
et al., 1991). The presence of reproductive stems, through restricting bite mass and 
increasing bite rate, also reduces instantaneous intake rates on grass (Flores et al., 
1993; Girmett et al., 1999). Therefore, it is not only the available biomass that affects 
instantaneous intake rate, but other characteristics such as height, stem and bulk 
density that affect either bite size or bite rate. 
In free-ranging studies with cattle, Stuth et al (1981) observed that herbage 
disappearance (which was equal to or correlated to daily intake) was positively 
correlated to herbage availability. 
In semi-arid environments, rangelands are heterogeneous in their quantity 
(abundance) and quality of herbage. Variation in quality could be as a result of the 
proportion of leaf or the concentration of nutrients, while quantity is depicted by 
areas that differ in height and bulk density of vegetation (Laca and Demment, 1991). 
Herbivores are expected to spend more time on a patch that maximises intake; but 
the quantity issue is confounded by quality differences (Distel et al., 1995). Because 
of the heterogeneity of the environment, the prediction of availability must 
encompass the animal's response to the nature of its feeding environment (Laca and 
Demment, 1991). 
In general, grazing time is lowest when forage is abundant and intake is restricted 
when available herbage is low (Minson, 1987). But daily intake is expected to be 
less sensitive to availability than instantaneous intake rate (Ungar and Noy-Meir, 
1988) because with the former, compensation can be done through increasing feeding 
time. However, feeding time is not always able to fully compensate for a reduction 
in intake rate. In a situation where the animals are already restricted in feeding time 
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due to the night kraaling, most of the time is spent feeding anyway (Jason et al., 
1999), limiting the increase in feeding time as a potential strategy for dealing with a 
reduction in food availability. 
The way in which abundance is presented is very important. It has been observed 
that, for the same amount of biomass, depending on the distribution, the intake will 
be different (Ungar and Noy-Meir, 1988). When the distribution is uniform, intake 
will be lower than when biomass is patchily distributed because heterogeneity allows 
animals to select from taller parts of the sward. Therefore intake rate is affected by 
spatial distribution of forages (Laca, 2000). Herbage availability does not only affect 
intake rate, but also selectivity (Jensen et al., 1990). When biomass was low, 
selectivity between species reduced. This results in uniformity in range utilisation 
and also compromises the quality of the diet consumed by animals. In their study on 
100 m2 plots with patches of 0.6 X 0.6 m 2 , Distel et al (1995) observed that the 
abundance or availability of resources and spatial distribution affected the residence 
time of cattle on a patch. Therefore, spatial distribution of resources has implications 
on the distance walked during foraging, and thus, the daily intake rate. 
4.1.1.3. Diet composition and quality 
The main food components on the semi-arid rangelands of southern Zimbabwe are 
grass and woody species (browse). Browse is characterised by higher crude protein 
content than grass (Barnes, 1982). The quality of browse is also known to be more 
stable from the wet to the dry season than grass (Owen-Smith, 1982). Consequently, 
a diet with a higher proportion of browse will be of a better quality than one with 
less. The proportion of browse and grass in the diets of animals is expected to vary 
with season, due to the variation in availability. On the basis of the diet composition 
during different times of the year, managers can plan when nutritional intervention is 
required to supplement crude protein, in particular. 
The quality of a diet affects intake rate through selective grazing and food processing 
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in the gut (Ungar and Noy-Meir, 1988). Low rates of ruminal digestion and passage 
are limitations on daily intake (McDonald et al., 1988). Mean retention time 
increases with food traits that retard the digestive release of nutrients and restrict the 
outflow of indigestible material from the rumen. Therefore, when the digestibility is 
low, generally, the retention time is expected to be longer, resulting in a shorter 
feeding time due to gut fill. 
Very few studies have involved comparison of foraging behaviour of animal species 
in the same plant communities (Hodgson et al., 1991). There is a lack of knowledge 
on the foraging strategies of cattle and goats under semi-arid conditions in Zimbabwe 
and how these responses changes with the seasons (see Grant et al., 1985) for 
temperate examples) or when available resources rapidly change within a season, for 
example due to grazing pressure. 
Objectives 
To determine the activity pattern of cattle and goats in mixed species grazing on 
rangeland under different relative abundance of browse and grass. 
• To determine the utilisation of browse and grass by cattle and goats under 
different browse and grass abundance regimes. 
• To determine resource utilisation during different seasons in relation to the 
relative abundance regimes of browse and grass. 
• To estimate the daily feed intake, diet digestibility and diet composition. 
Hypotheses: 
• Goats will browse more than cattle resulting in a higher proportion of browse in 
their diets both when browse is abundant and when it is limited. 
IrIff 
• Goats will respond to limited browse by increasing grazing, while cattle will 
respond to limited grass by increasing their browsing. 
• Goats will be more flexible in their response to changes in food availability than 
cattle. 
• When both grass and browse are limited, the proportion of time allocated to 
feeding will increase. 
To meet the objectives of the study, a two-part experiment was carried out in 1999. 
(Part I - March to May, Part 2 - July to September). These two periods represented 
the late-wet and the mid-dry season, respectively. In 2000, a second experiment was 
conducted in which the major objective was to assess how the foraging strategies of 
cattle and goats changed under conditions of rapidly changing resources within the 
same season (representing the early to late dry season). This was done between June 
and August. Further, the available biomass was less than in 1999 increasing the 
probability of responses to treatments. 
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4.2. MATERIALS AND METHODS 
4.2.1. Description of the study area 
The experiments were carried out at the Matopos Research Station in Zimbabwe at 
Westacre Creek farm (Figure 4.1 and 4.2). Matopos Research Station is situated to 
the southwest of Zimbabwe close to Bulawayo City. It is in Natural Region IV (NR 
IV). This classification is based on an agro-ecological scale ranging from I to V. NR 
IV is characterised by limited and very variable rainfall averaging 600 mm per year 
(range 257— 1376 mm) (Ward et al, 1979). The minimum average daily temperature 
of2l °C is in June and the maximum of 29°C is in October (Ward et al., 1979). 
Figure 4.1: The map of Zimbabwe showing the location of Matopos, where Matopos 
Research Station is located. 
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Figure 4. 2: A schematic plan of Matopos Research Station 
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Monthly rainfall and maximum daily temperatures are given in figures 4.3 for 1998-
1999 and 1999-2000, respectively. 
The experimental site is characterised by basement schists with hills. The hills are 
rocky with shallow soils while the valley bottoms are vleis with dark grey to black 
soils. The soils on the hills are red. 
The soil type as well as the location across the catena influences the vegetation. For 
example, Combreturn apiculatum grows on the hill while Acacia karoo species is at 
the bottom of the hill. Other tree species characteristic of red soil areas are Acacia 
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species (A. nilotica, A. rehmanniana, A.gerrardii), Ziziphus mucronata, Rhus species, 
Grewia species, Euclea divinorum and Ormocarpum trichocarpum (Ward et al., 
1979). There are three main grass species, that is Themeda triandra, Heteropogon 
contortus and Cymbopogon plurinodis (Ward et al., 1979). 
Figure 4. 3: Monthly rainfall (mm) and average maximum temperature ( °C) for 
1998-1999 and 1999-2000. 
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4.2.2. EXPERIMENT 1- 1999 
4.2.2.1. Animals 
12 cattle (steers) and 12 goats (castrated) were used in the experiment. The cattle 
were drawn from Matopos Research Station stock. Both cattle and goats were 
indigenous breeds, Tuli and Matebele respectively. The goats were purchased from 
communal areas in Kezi in September 1998, 6 months before the beginning of the 
experiment, to give them time to adapt to the station environment. The animals were 
split into 2 groups, each consisting of 6 cattle and 6 goats. Animals were tagged on 
the ears for ease of identification, the animal numbers were also written on the thigh 
with cattle marking paint. 
All the animals were penned at night as is the practice in communal areas. The cattle 
from the 2 groups were kraaled in one pen close to the paddocks; while the goats 
were penned at the homestead for security. The animals were let into the 
experimental paddocks at 8:30 a.m. everyday. This gave them 30 minutes to settle 
before observations started at 9:00 a.m. They had between 7 and 8 hours of grazing 
per day. Kraaling at night is a standard practice in communal areas of semi-arid 
areas. 
During the experiment, animals were allowed 7 days acclimatisation to the paddock. 
They were observed for 5 days in each paddock. While one group of animals was 
being observed, the second was acclimatising in the paddock to be observed next as 
shown in Tables 4.1a and 4.1b for the late-wet and dry seasons, respectively. Each 
animal group was pastured on all of the treatments. 
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Table 4.1a: Order of observations in paddocks during the Late-wet season of 1999. 
TREATMENT PADDOCK WEEK I WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEE 6 WEEK 7 WEEKS WEEK 9 
CONTROL A GI ac GI ob 
LOW BROWSE D G2 ac G2 ob 
LOW GRASS C GI ac GI oh 
LOW GRASS E G2 ac G2 ob 
LOW BROWSE F GI ac GI ob 
CONTROL B G2 ac G2ob 
Note: ac - acclimatisation week; ob - observation week 
Table 4.1b: Order of observations in paddocks during the Dry season of 1999. 
TREATMENT PADDOCK WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 WEEK 7 
CONTROL B G2ac G2 ob 
LOW GRASS E Gi ac Gi oh 
LOW BROWSE D G2 ac G2 ob 
LOW BROWSE F GI ac GI ob 
LOW GRASS C G2 ac 02 ob 
CONTROL A GI ac GI ob 
4.2.2.2. Paddocks 
In 1998, at the beginning of the rainy season (October/November), all the 6 paddocks 
were closed to ensure that no animals had access to the herbage inside. Some game 
animals (for example warthog (Phacochoerus africanus), impala (Aepyceros 
melampus) and kudu (Tragelaphus strepsiceros)) still went into the paddocks, but the 
tall fences limited their movement. The layout of the paddocks is given in Figure 
4.4. The paddocks were 50m by 365m (1.825 hectares) each. The paddocks went up 
one face of a hill and down the another. This area was chosen because it gave a wide 
range of browse species. With 6 paddocks, there were 2 replicates of each of the 3 
treatments. The paddocks were randomly allocated to the treatments. 
The paddocks were divided into 7 sections (Figure 4.4). Six of the sections were 50 
X 50m and one 50 X 65 m (section 7) at the far end and the sections were labeled. 
Section 7 was larger than the others in an effort to maintain existing boundaries of 
adjacent paddocks (used for beef cattle) during the fencing of experimental paddocks. 
4.2.2.3. Experimental design and treatments 
The experimental design was a 2 seasons by 3 treatments by 2 replicates by 2 animal 
species with 6 individual animals within a species. The treatments depended on the 
type of manipulation or defoliation (pre-treatment) that had been done prior to the 
experiment. The treatments are listed below: 
Treatment 1 - Control 
Treatment 2— Low grass 
Treatment 3— Low browse 
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Figure 4. 4: Schematic diagram of the layout of the paddocks used during the 
experiment. 
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Defoliation to create treatment effects 
The defoliation to create the treatment effects was carried out in March 1999. The 
low-grass paddocks were grazed down by cattle (64 steers of about 450kg each and 1 
bull of about 900kg) and sheep (223 of average weight 38.3kg) until the people 
herding the animals observed a shift towards more browsing. The low-browse 
treatment was browsed by goats (288 of 32.8kg each) until a browse line became 
apparent and there was a shift towards more grazing. The animals were in each 
paddock for 2 days. In both treatments, the animals had access to the other resource 
that was not being reduced, browse and grass for cattle and goats respectively. The 
control treatment had no defoliation treatment applied. 
During the dry season, the same paddocks were used for the same treatments without 
any further manipulation (defoliation). Because the animals were in each paddock 
for 12 days at a time, they were not expected to cause a significant change in the 
biomass. 
4.2.2.4. Estimation of available herbage 
Grass 
Grass assessments were carried out before and after observations in each paddock. In 
each section, 3 transects, each 50 m long, were marked (Figure 4.5). The location of 
the transects was determined by the use of random numbers and the numbers 
excluded the first and last 5 meters at the bottom and at the top of each section. The 
transects followed the contours of the hills. A different set of transects were used for 
each assessment, so they were not permanent. Three quadrats of 0.50m by im were 
randomly located along each transect and the herbage thereof harvested. Material 
from the sections was sorted into grass species, weighed then later separated into 
stem, leaf and flower (green, dead and moribund grass were kept together). The 
material was dried at 60 °C for 48 hours. 
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Browse 
Before the defoliation, a census was done in each paddock to establish the population 
of each tree species (browse) per section. 
Browse assessments were carried out before and after the cattle and goats which were 
used for observations had been in the paddock, at the same time as grass assessments 
were conducted. Available browse was estimated by counting twigs from that 
season's growth at different height ranges from the ground: 0 - 50 cm, 50 - 100 cm, 
100 - 150 cm and 150 - 200 cm, height classes 1 to 4, respectively (vertical 
transects). The twig count was done on 3 trees of the same species in each section, 
giving a total of 21 trees per species in each paddock. If the total number for that 
species was less than 21, all of the trees were assessed irrespective of the numbers in 
a section. In the late-wet season, assessments were done for the 8 species that were 
used in the browse intake experiment (Acacia karoo, Acacia geradii, Combretum 
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apiculatum, Dichrostachys cinerea, Grewia monticola, Rhus pyroides, Securinega 
virosa and Ziziphus mucronata) and other species which animals had been observed 
browsing by stockmen. This gave an average of 21 tree species being assessed per 
paddock. In the dry season, the approach was changed and all tree species were 
regarded as potential browse. Therefore all trees, 35 species, that had green leaves 
were assessed. 
Average weight of a twig was determined by harvesting 50 twigs from trees outside 
the experimental paddocks. This was done once (about half way through the trial) 
and the results thereof used to estimate the weight of available browse (that season's 
shoots) for all the paddocks. The twigs of each browse species were cut to 2 and 4 
mm diameters, the former representing the average and the latter the upper limit for 
cattle based on the controlled experiment in chapter 3. Goats also had an average 
diameter of 2 mm. Twigs from the trees were separated into woody twigs and leaves. 
The material was dried at 60 °C for 48 hours. 
4.2.2.5. Observation 
A group was made up of 6 cattle and 6 goats which were observed in the same 
paddock at the same time. Animals were observed for 4 and a half hours per day (2 
in the morning and 2.5 in the afternoon). The 2 animal species had 2 separate pairs 
of observers. The observers had received training before the experiments and the 
activities being observed were outlined to ensure uniformity of information collected. 
Scan and focal sampling techniques were used during observations. Scan sampling 
is defined as a sampling rule whereby all the animals are rapidly scanned at specified 
intervals and the behaviour of each individual at that point in time recorded by 
instantaneous sampling (Martin and Bateson, 1993). Focal sampling is when each 
animal is observed for a set duration of time allowing for durations of activities to be 
recorded (Martin and Bateson, 1993). 
A combination of scan and focal sampling techniques were used in this study for the 
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following reasons: scan sampling, with its narrower intervals and instantaneous 
sampling (no duration), allowed for the collection of more information and recording 
of less frequent activities, the data was used to analyse the activities of animals. 
Focal sampling was long enough to collect samples of species being eaten by 
animals. 
Sampling was done as follows: 
- Scan of all the animals every 10 minutes for 30 minutes followed by focal sampling 
for 2 minutes per animal (that is, a total of 12 minutes on focal sampling for each 
animal species at a time). Thus each scan-focal cycle lasted at least 42 minutes, after 
which it started again. 
- 10 minute or 5 minute (late-wet and dry season, respectively) focal observations 
twice in the morning and twice in the afternoon per animal. The information was 
recorded on field cards. The purpose for this particular exercise was to collect 
samples of the diet components of the animals (see section 4.2.2.7). 
The records which were taken included the location of the animal (section), the 
species of browse/grass it was feeding on, whether the animal was feeding on fallen 
leaves, fruits/pods or forbs. Other records included drinking, ruminating, 
resting/idling, walking and standing, lying down and interacting. For focal sampling, 
the starting and finishing times were recorded to the nearest minute, the difference of 
which gave the duration of the activity. 
To determine the bite rates of cattle and goats on grass and browse, a Psion 
Workabout was used. The number of bites and the time were recorded for each 
animal for 5 minutes in the morning and 5 in the afternoon. 
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4.2.2.6. Estimation of daily intake 
The first 2 paddock observations were in paddocks A and C. For these two 
observation periods, 6 goats and 5 steers in each group were dosed with n-alkane 
controlled release capsules (Captec (NZ) Ltd, Manurewa, Auckland, New Zealand). 
The dosing was done on the first day of the acclimatisation period. This was 
expected to release approximately 50 and 200 milligrams of dotriacontane (C32) n-
alkane per day for goats and cattle, respectively. Only 5 steers were dosed because 
there was a limited number of alkane capsules and pellets. The animals were left for 
7 days to allow the n-alkanes to reach equilibrium in the rumen. For 5 days, during 
the observation period, faecal samples were collected from the rectum in the morning 
(before the animals were let out into the paddock) and in the afternoon (when they 
were kraaled for the night). From week 4 (for observations in paddocks B, D, E and 
F), pellets (paper with alkane dissolved in it) were used and these had to be dosed 
everyday for 12 days. The daily oral dose contained 95 and 522 milligrams C32 n-
alkane for goats and cattle respectively. Faecal samples were collected the same way 
as for the capsules from day eight to twelve. All samples were frozen awaiting 
further analyses. The shift from using the controlled release capsules to pellets was 
to ensure that observations were done continuously and would be completed before 
significant changes in the seasons occurred. 
The late-wet season observations took 9 weeks because the slow-release alkanes, 
which were used as markers to determine intake, needed 28 days from dosing to 
elapse before the animals could be dosed again. From week 5, daily capsules were 
used and therefore, observations went on continuously. It is important to note that 
the range was rapidly changing such that the paddock observed first had more green 
grass than the one observed at the end (pers. obs.). The cold season starts in May. 
During the dry season, only pellets were used, and the observations lasted 6 weeks. 
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4.2.2.7. Simulation of diets for estimation of daily intake, diet digestibility and 
diet composition 
Each species of livestock had a pair of people permanently monitoring it. During the 
late-wet season, the second person (who monitored animals for 10 minutes) was also 
responsible for collecting samples of the materials that were consumed during 
observation. This was done at the end of each observation (at the end of the day). 
The field record cards for cattle and goats were compared, and all the grass and 
browse species that had been eaten on that day were recorded. All the browse and 
grass species were then collected. The browse was sought outside the paddocks 
while grass samples were collected from inside. If a particular resource (be it grass, 
browse or forbs), was common to both cattle and goats, only one sample of it was 
collected. For forbs and grasses, whole plants were collected (except the roots) 
irrespective of the part of the plant that had been consumed by the animals. The 
assumption was that different plant parts had the same n-alkane concentrations. 
During the dry season samples of the materials being eaten were collected during the 
last 2 minutes in the following manner: 
A grab sample (simulating a bite taken by the animal) was taken on every third bite. 
An apron with 5 pockets with distinct compartments was used to store the following 
sample types: grass, browse, forbs, fruits and mixture. 
For every plant type collected, a similar sample was put into the mixture pocket. 
Therefore, the mixture sample represented (qualitatively) the diet eaten by the 
animals. Each component was weighed after the observation and the different 
components were bulked such that at the end of the observation week each animal 
had one sample of each component. The samples were dried at 60 °C for 48 hours. 
They were then milled through a 1mm sieve, after which they were stored. The 
mixture sample was analysed for n-alkanes and the concentrations of n-alkanes in it 
were used to calculate daily dry matter intake and diet digestibility. 
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4.2.2.8. Laboratory analyses 
The grass, forbs and twigs which were collected were milled through a 1 mm screen 
and analysed for nitrogen using the macro Kjeldahl method (AOAC, 1965). Crude 
protein was determined by multiplying nitrogen by 6.25. The neutral detergent fibre 
(NDF) was analysed using the method of Goering and van Soest (1970). 
The concentration of n-alkanes in faeces and herbage was determined by the method 
of Mayes (1986), with modifications described by Salt et a! (1992). Further 
modifications were made for faeces; a smaller sample of 0.1 grams was used in a 4m1 
vial reducing the amounts of all the other reagents used in the laboratory analysis. 
4.2.2.9. Statistical analyses 
4.2.2.9.1. Available Biomass 
Grass 
The average biomass from the 9 quadrats that were cut per section was used to 
calculate the total dry matter biomass for the section irrespective of the grass species. 
The biomass in each section was then expressed as kilograms dry matter per hectare 
(kg DM/ha). The data was analysed using the residual maximum likelihood (REML) 
technique of Genstat because the design was unbalanced and the technique also 
allowed the fitting of a random model (Genstat 5 Committee, 1993). Residual plots 
were used to check the data for normality, and the biomass had to be logarithmically 
transformed. The fixed model consisted of season, assessment (when the range 
assessment was done, before and or observations), treatment, section and some 
interactions thereof. The random model consisted of paddock and its interaction with 
season. 
The proportions of the different grass species harvested were calculated and the 
means and standard deviations in each paddock were determined. 
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The leaf to stem ratios were calculated for the grass species within sections. A 
logarithmic transformation was applied on the data. The fixed model consisted of the 
grass species, section, season, treatment and some interactions thereof. The random 
model consisted of paddock and its interaction with season. 
Browse 
The density of different tree species in each paddock was calculated from the tree 
census data and expressed as number of trees per hectare of different species and 
sizes. 
Browse was assessed by counting twigs within different height classes. An average 
of twigs per tree within a height class for each species was calculated per section. 
This value was then used to calculate the total number of twigs for a species within a 
height class per section. From the observations of browsing animals and 
measurements made in the field, the average diameter to which twigs were bitten was 
approximately 2mm for both cattle and goats despite the fact that cattle could reach 
an upper limit of 4mm. Using the weight of a 2 mm twig (wood and leaf) for each 
species, the twig dry matter biomass within a height class for each section was 
determined. It was then summed up within section and expressed as kilograms per 
hectare. The biomass was log transformed, since it was not normally distributed, and 
then analysed. In the fixed model, the terms were season, height class, assessment 
(before and after observations), section, treatment and some interactions thereof. 
Paddock-season-section interaction was put in the random terms. 
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4.2.2.9.2. Time budgets of cattle and goats 
The activities that the animals engaged in where classified into feeding (grazing and 
browsing), ruminating, walking and other activities that consisted of non-feeding 
activities such as standing, sleeping, interaction with other animals and drinking 
water (mainly idling activities). 
To compare the frequencies of activities, the scan sampling data was used for the 
reasons stated in 4.2.2.5. 
The frequency of each activity for individual animals was expressed as a ratio 
(Elston, 1996). Ruminating was used as a denominator because it occurred in all 
animals. The data was logarithmically transformed. The terms in the fixed model 
were the activity, animal species, treatment, season, the order in which the paddocks 
were observed and some interactions thereof. The random model had the individual 
animals within animal species within a season, and the interaction of paddocks with 
season. 
4.2.2.9.3. Relationship between browsing and grazing (browsing: grazing ratio) 
To determine how browsing and grazing changed in relation to each other for cattle 
and goats under different treatments during the late-wet and dry seasons, the log ratio 
analysis was used (Elston, 1996). Browsing was the numerator with grazing as the 
denominator. In the fixed model, the terms were animal species, season, treatment, 
and the interactions thereof. The random model had paddock and individual animals 
within animal species within a paddock (animal species by individual animal by 
paddock) as terms. 




The bite rates for cattle and goats were calculated from the data collected on the 
Psion Workabout. The bite rates of grass were analysed using the REML technique 
of Genstat (Genstat Committee 5, 1993) to assess the effects of animal species and 
treatment on bite rate. The fixed model had the terms animal species, treatment and 
their interaction, while the random model consisted of the term paddock. 
Bite size 
Bite size was estimated for cattle and goats for browse and grass using the bite rate 
measured in the field and the daily intake determined from the alkane technique. The 
variables required to determine bite size for browse/grass were determined using the 
following formulae: 
Total number of bites eaten = Bite rate X duration of grazing or browsing 
Where, 
Duration of grazing/browsing (seconds per day) = Proportion of time per day spent 
grazing or browsing X total grazing time 
Amount of grass or browse in the diet (milligrams) = Daily intake X proportion of 
browse or 	 grass in the diet 
Note: The daily intake referred to in the equation is the one derived from n-alkane 
analysis. The diet composition was determined from the herbage sample which were 
collected during foraging. 
Then, 
(3) Bite size on grass or browse (milligrams) = Amount of grass or browse in diet 
Number of bites per day on grass or browse 
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With the estimated bite size, an estimate for the intake rate on grass and browse for 
cattle and goats was then calculated as the product of bite size and bite rate. 
Daily Intake 
The daily intakes were calculated from the concentration of n-alkanes in faeces and 
the diet (mixture sample) using the formula below: 
Daily Intake (I, kg per day) = C32 pellet / (C32 faeces / C33 faeces X C33 in diet - C32 in diet) 
Where: 
C32 pellet - concentration of dotriacontane in the pellets/capsule dosed to the animal. 
C32 faeces - concentration of the dosed dotriacontane in the faeces of the animal. 
C33 faeces - concentration of the natural tritriacontane in faeces of the animal. 
C33 in diet - concentration of tritriacontane in the diet eaten by the animals. 
C32 in diet - concentration of dotriacontane in the diet eaten by the animal. 
The daily intakes of animals on different treatments were logarithmically transformed 
after checking the residual plots for normality. The fixed model had diet digestibility 
(the digestibility was estimated as shown in the following section) as a covariate, 
animal species, season, the way alkanes were administered (capsule or pellet) and the 
interactions thereof. The random model was the interaction of paddock with season. 
Diet Digestibility 
Diet digestibility was calculated from the n-alkane concentrations in the diet and 
faeces using the formula below: 
Digestibility (%) = 1 - (C 33 in diet / C 33 in faeces) 
Where: 
C 33 in diet - concentration of tritriacontane in the diet eaten by the animal. 
C 33 in faeces - concentration of the natural tritriacontane in faeces of the animal. 
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The fixed model in the analysis of digestibility was animal species, treatment, season 
and the interactions thereof. The random model had paddock and the interaction 
between individual animals and season. 
Diet composition in the dry season 
From the weights of the samples of browse, grass and forbs that were collected 
during observations, the percentages of each component in the diet was calculated for 
individual animals. To determine if there were differences in grass and browse 
composition between animal species and treatments, the percentages were angular 
transformed in Genstat and the grass and browse data were analysed separately. 
The fixed model had animal species, treatment and their interaction, while the 
random model had the terms paddock and the individual animals within a species. 
The models were the same for both grass and browse. 
Due to the method of collecting samples during the late-wet season, diet composition 
could not be determined for that season using the above method. 
4.2.2.9.5. Diet overlap 
To determine the diet overlap of the two main functional groups, browse and grass, 
the Morisita measure of overlap was used (Krebs, 1989). This was most appropriate 
because it has no bias even with small animal numbers (as is the case here) and is 
appropriate for counts such as frequencies of eating grass or browse from scan 
sampling data. Data was pooled for each animal species across days for each season. 
The proportion of a browse or grass species in the diet was calculated by dividing 
the frequency of that species by the total frequency of grass and browse eaten by the 
animal species. Within the focal group, the number of animals consuming the 
vegetation species per day was determined. These values were used to calculate the 
Morisita's index of overlap (or Morisita measure) (Krebs, 1989): 
Mul 
C = 2EPjPik 
rPj [(nj— 1)/(Nj— 1)] + rPik[(nik— 1)/(Nk— 1)] 
Where: 
C = Morisita's index of niche overlap between speciesj and k 
Py = Proportion resource i is of the total resources used by speciesj. 
Pik Proportion resource i is of the total resources used by species k. 
nij = Numbers of individuals of speciesj that used resource category i. 
nik = Numbers of individuals of species k that used resource category i. 
Nj, Nk = Total numbers of individuals of each species in sample (nU = NJ; 
nik = Nk) 
The values range between 0 and 1, with 0— no overlap and 1 complete overlap. 
The species of browse and grass eaten by each animal species were then represented 
in a graph. 
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4.2.3. EXPERIMENT 2-2000 
This experiment tested the response of cattle and goats to differences in grass and 
browse availability. The intensity of defoliation was increased from that done in 
1999. Its design allowed the evaluation of the animal species strategies during the 
early-dry season (Observation period 1) and late-dry season (Observation period 2) 
and thus the behaviour of cattle and goats under conditions of rapidly changing 
resources during the same season. 
The experiment was conducted from the end of June to August 2000 (dry season). 
4.2.3.1. Animals 
20 cattle (steers) and 20 goats (castrates) were used in the trial. The animals included 
all of those used in 1999 and some additional ones from the same mother herds. The 
management practices were the same as in 1999. The animals were split into 4 
groups of 5 cattle and 5 goats each. The groups of animals were allocated to 
paddocks so that at the end of 6 weeks, all groups would have gone through all the 
three treatments. 
4.2.3.2. Paddocks 
The same paddocks as the ones used in 1999 were used for the experiment. At the 
end of the 1999 dry season experiment, cattle grazed all the paddocks down until they 
were uniformly defoliated. The moribund grass was manually combed out of all 
paddocks using sickles. They were then closed off to livestock and game throughout 
the rainy season to allow the grass and browse to grow to uniform levels. By March 
2000, no treatment effects from 1999 were apparent in all the paddocks (visual 
observation). In fact, the year 2000 had more grass and browse biomass than the 
ii: 
same time in 1999 due to the higher rainfall received that year (Figure 4.3). That 
eliminated the issue of carry-over effects. They did not, however maintain the same 
treatments as in 1999. 
During 1999, it was observed that paddocks next to each other exhibited more 
similarities in vegetation than those further away and could confound with the 
treatment effects. Therefore, the paddocks were split into 2 blocks, the first 3 going 
into the first block and the last 3 into the second block (Figure 4.6). The blocking 
covered similarity in vegetation types. The treatments were then randomly allocated 
to the paddocks within a block. The paddocks were manipulated (defoliation) by pre-
grazing, pre-browsing or both to achieve the desired treatments. 
Figure 4.6: Layout of the blocking structure of paddocks in 2000. 
300m 
Paddock Paddock Paddock Paddock Paddock Paddock 
A B C D E F 
Low-browse Low-grass 
Low-grass- Low-grass Low-browse 
browse 
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treatment 
BLOCK I 	 Ill. 4 	 BLOCK  
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4.2.3.3. Defoliation (pre-treatment) 
The low-grass treatment was achieved by allowing 27 cows (mean weight, 51 lkg)  
and 13 calves (mean weight, 205 kg) to graze for one day (approximately 8 hours) in 
each section of a paddock (Plate 4.1). The low-browse treatment was achieved by 
allowing 62 goats (mean weight, 35kg) to graze for one day (8 hours) in each section. 
Low-grass-browse treatment had the same number of cattle and goats as in the low-
grass and low-browse treatments, respectively. So, sections which initially had low 















Plate 4.1: Low-grass treatment in Paddock C after first defoliation. 
Defoliation was repeated before the beginning of the second period of observations, 
with the number of animals reduced to approximately half in all treatments. Low -
grass treatment was grazed by 13 cattle (mean weight, 476 kg), low-browse by 31 
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goats (mean weight, 3 5kg) and low-grass-browse treatment had the same number of 
cattle and goats as in the low-grass and low-browse treatments, respectively. 
Allowing animals to graze in a section (50 X 50 m) a day was intended to ensure that 
the same amount of biomass was removed from each section in a paddock. 
4.2.3.4. Experimental design and treatments 
The experiment was carried out during the dry season. Within the season, there were 
2 observation periods. The first period ran for the first 3 weeks of the experiment, 
and the second for the last 3 weeks, so there was no break between periods. In each 
period, all paddocks and animal groups were observed (Table 4.2). The observation 
of animals in two paddocks in each week (3 days per paddock) meant that the 3 
treatments and their replicates were completed in 3 weeks, after which the second 
observation period began. The shorter cycle of 3 weeks ensured minimal temporal 
changes in the paddocks for an observation period. The 2 periods were characterised 
by their differences in biomass in the different treatments. In the first period (Period 
1), there was more biomass than in the second (Period 2). For each period, there were 
3 treatments, 2 replicates (2 paddocks) and 2 animal species. 
Therefore, the experimental design was a 2 periods X 3 treatments X 2 replicates X 2 
animal species with 4 groups of 5 cattle and 5 goats each. Observation groups were 
used across paddocks and treatments to control for animal effects (see Table 4.2). 










LOW-GR-BR LOW-GRASS LOW- 
BROWSE 
LOW-GR-BR 
BLOCK 1 1 1 2 2 2 
PADDOCK C B A E F D 
Defoliating animal 
species 
Cattle Goats Cattle and goats Cattle Goats Cattle and goats 
Period 1 Week 1 0 grpl A grp4 0 grp2 A grp3 
Period 1— Week 2 Defol 0 grp4 Defol A grp2 A grpl 0 grp3 
Period 1—Week 3 A grp3 Defol A grp4 0 grp2 0 grpl Defol 
Period 2— Week 1 0 grp3 A grp2 0 grp4 Defol 
Defol 
A grpl 
Period 2 - Week 2 0 grp2 A grp4 A grp3 0 grpl 
Period 3— Week 3 0grp4 0grp3 
Notes: Block 1 consists olpaddocks A, B and C. 	Block 2 consists of paddocks D, E and F. Paddocks have been randomly allocated to treatments within block. 
Defol means defoliation or pre- treatment using the livestock species defined in the defol treatment row. 	A acclimatisation week; 0 observation week 
4.2.3.5. Estimation of available herbage 
The available grass and browse were estimated before the first defoliation and before 
each observation period (a total of 3 times). 
Grass 
A basal cover assessment was conducted for the grass before defoliation was 
conducted in March 2000. The point-quadrat method was used (Mueller-Dombois 
and Ellenberg, 1974). The apparatus (a point frequency frame) consisted of 10 
vertical metal pins which were thin and pointed at the tips. The object or species 
which was touched by each point was recorded. For each section, 5 transects (6 in 
section 7 due to its larger size, see section 4.2.2.3.) were randomly located and 4 
quadrats along each transect. This gave a total of 144 quadrats assessed per paddock 
(1440 points). 
The biomass of grass, even in the same section was not uniformly distributed. 
Randomly picking quadrats within a section, as was done in 1999, was not ideal 
since the effects of the heterogeneity of the paddock could be greater than those of 
the treatments. To deal with this heterogeneous nature of the rangeland, a different 
method of assessing biomass was used in the second experiment. The interest was to 
assess biomass change rather than the estimate of biomass in the paddocks per se. 
The assumption behind this technique was that when the quadrats being assessed are 
close to each other, they would tend to be more similar to each other in biomass, in 
contrast to quadrats further apart. Secondly, due to the spatial distribution of the 
assessment areas, the whole section would be adequately sampled to give a good 
estimate of the available biomass. Each section was bisected by 2 diagonals (70 m 
each) crossing each other at the centre. Along both diagonal lines, the first 5 m from 
the corner and the last 5 m were ignored. These were considered to be the buffer 
zones (no quadrats were located in this zone). For both diagonals, the remaining 60 
m was divided into 3 equal portions (20 m long). Because the centre portions of both 
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diagonals overlapped, the centre 
was assessed once. Thus, there was a total of 5 assessment areas: 3 from one 
diagonal and 2 from the other. 
In each assessment area, the location of the first quadrat (50 X 100 cm) was decided 
randomly as long as it was not at the edge of the assessment area. The 50 cm part of 
the quadrat lay parallel to the diagonal while the 100 cm was perpendicular with 50 
cm on either side of the diagonal. The location of this quadrat was permanently 
marked on the ground. It was the first to be assessed before defoliation (pre-
treatment). The second assessment was done on a quadrat on either the left or the 
right of the first quadrat the side which was randomly decided. The third assessment 
was adjacent to the second one. 
The grass and forbs were cut with grass shears to ground level. Material from the 
quadrats was then sorted into grass and forbs and the grasses were sorted into 
species. The material was dried at 60 °C for 48 hours. 
Browse 
Before the beginning of the experiment, a tree census was conducted in each paddock 
to establish the number of each tree species (browse). The census also provided 
information on the number of a tree species in each section and the number of these 
per height class. The height classes were split into the following 5 groups: 0 - 50 
cm, 50— 100 cm, 100-150cm, 150-200 cm and greater than 200 cm. 
Available browse was estimated by counting twigs from that season's growth within 
4 of the height classes (0 - 50 cm; 50 - 100 cm; 100 - 150 cm; 150 - 200 cm, that is 
height class 1, 2, 3 and 4, respectively). Assessment was up to 200 cm only because 
this was assumed to be the maximum height to which cattle could browse (pers. 
obs.). Copper pipes were marked at 50-cm intervals and were used to determine the 
location of the vertical transects. They were erected on 2 opposite sides of a tree. To 
assess browse in the 50— 100 cm range, two strings were tied one to the 50 cm marks 
on both poles and the second on the 100 cm marks. The strings clearly defined 
where each vertical quadrat started and ended. The twigs within the demarcations 
made by the strings were then counted. The twig counts were done on 20 trees per 
species except where the total number for that species was less than 20 (in which 
case all of the trees were then assessed irrespective of how many there are in each 
section). 
The heights of the trees were divided into 5 height classes. Since trees of different 
height were expected to have different amounts of available biomass, the trees that 
were assessed were selected to represent all the heights of trees for each browse 
species. This was intended to give a more accurate estimate of the browse, in contrast 
to randomly picking trees which could result in a bias. During assessment, in 
sections 1, 2 and 3, 2 trees were assessed per height class (2 trees X 5 height classes 
= 10), in sections 4 and 5, 1 tree (1 tree X 5 height classes = 5) and in sections 6 and 
7, 1 tree (1 tree X 5 height classes = 5); giving a total of 20 trees per species. 
All tree species in the paddocks were considered to be potential browse and were, 
therefore, assessed. Multiplying the number of twigs with the average weight of one 
twig gave the weight of the available browse (on shoots) from each species. Average 
weight of a twig was determined by harvesting 50 twigs from trees outside the 
experimental paddocks. This was done once a week, and the averages were used to 
estimate available browse for the paddocks. 
4.2.3.6. Observation 
5 steers and 5 goats were observed in each group. Animals were observed for 4 and a 
half hours per day (2 in the morning and 2.5 in the afternoon). Two groups of 
animals, in two different paddocks (different treatments), were observed during one 
week each for three alternating days. There was one pair of observers per animal 
species. In each pair, one did the scan-focal sampling, while the other did the focal 
sampling and collected feed samples. Activities were recorded using both scan and 
focal sampling techniques: 
- Scan of all the animals every 10 minutes for 30 minutes followed by focal sampling 
for 2 minutes per animal (that is, a total of 10 minutes on focal sampling). Thus each 
scan-focal cycle lasted at least 40 minutes, after which it started again. 
- 5 minute focal observations twice in the morning and twice in the afternoon per 
animal. The information was recorded on field cards. 
The records taken were the same as those in 1999. 
4.2.3.7. Estimation of intake 
Intake was estimated using the n-alkane technique as described in section 4.2.2.7. 
Only the daily dosing of pellets was used. 5 goats and 5 steers in each group were 
dosed daily with n-alkane pellets. The pellets had 122 and 314 milligrams of C32 for 
goats and cattle respectively. 
4.2.3.8. Simulation of diets to analyse for alkanes (for estimation of daily intake 
and diet digestibility) and diet composition 
During the 5-minute focal sampling period, samples of the materials being eaten 
were collected during the last 2 minutes in the following manner: 
A grab sample (simulating a bite taken by the animal) was taken on every 3rd bite. 







Each component was weighed after the observation and the different components 
were bulked such that at the end of the observation week each animal had one sample 
of each component. The mixture sample represented the diet eaten by the individual 
animals. 
These mixture samples were used to estimate the n-alkane concentration of the diets 
eaten by the animals. The assumption was that the sample was an estimation of the 
proportion, by weight, of each component (functional group) that was eaten by the 
animals. That is, a sample that mimics, in miniature, the composition of that diet. 
The diet components were used to determine diet composition of the diets of cattle 
and goats. 
4.2.3.9. Laboratory analysis 
Laboratory analysis was similar to that described in section 4.2.2.9. 
4.2.3.10. Statistical analysis 
All the analyses done used the residual maximum likelihood (REML) technique 
because the designs were unbalanced because the levels of the different factors where 
not the same to make the design orthogonal and the technique allowed for the fitting 
of residual models (Genstat 5 Committee, 1993). 
4.2.3.10.1. Basal cover 
The basal cover was calculated as the proportion of the ground that was covered by 
grass for each section within a paddock. The mean and standard deviation for the 
paddocks and treatments were then calculated. The proportions of grass species were 
also calculated. 
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The basal cover proportions were independent. To determine if there were any 
significant differences between treatments and sections, a fixed model was fitted as 
well as a random model with paddock and its interaction with section as the random 
term. 
4.2.3.10.2. Available biomass 
Grass 
Data from the direct measurements of grass biomass was expressed as kilograms dry 
matter per hectare (kg DM/ha) and analysed to determine if there were treatment 
differences in biomass within and between observation periods. The fixed model 
consisted of the assessment number, treatment, sections and some interactions of 
these terms. The random model had the paddock-section interaction. 
Browse 
The total number of trees of different species were divided by the area of each 
paddock (1.825 ha) to determine the density of trees per hectare. The proportions of 
the different species in each paddock were also calculated. The tree species were 
grouped into 9 groups: Acacia species, Combretum species, Dichrostachys cineria, 
Euclea divinorum, Grewia monticola, Rhus species, Securinega virosa, Ziziphus 
mucronata and other species. The densities of these species were then analysed with 
species, treatment and the interaction thereof in the fixed model. The random model 
consisted of the interaction between paddock and browse species. 
In 2000, the height classes of all tree species were determined. Using this 
information, the numbers of trees within a height range were calculated. The average 
numbers of twigs for a tree within a height class were calculated and multiplied by 
the number of trees within that height range. The biomass was then calculated by 
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multiplying the average twig weight with the total number of twigs. The biomass 
data was logarithmically transformed since it was not normally distributed. The 
fixed model consisted of the assessment number, height class, treatment, sections and 
the interactions thereof. The random model had the interaction between paddock and 
section as a term. 
4.2.3.10.3. Activity patterns of cattle and goats 
To determine how each activity changed between the 2 observation periods and how 
it was affected by the animal species and treatments, the proportions of time spent 
feeding, ruminating, walking and on other activities (mainly, resting) were 
calculated. These were then angular transformed to normalise the data, after which 
they were analysed using the REML technique of Genstat (Genstat 5 Committee, 
1993). The fixed model consisted of animal species, observation period, treatment 
and interactions thereof. The random model for feeding and other activities had the 
following terms: 
- paddock 
- paddock-animal species-individual animal interaction. 
That for ruminating had the following terms: 
- animal species-individual animal interaction 
- paddock-animal species-individual animal interaction. 
4.2.3.10.4. Relationship between browsing and grazing (browsing: grazing ratio) 
The browsing to grazing log-ratio analysis (Elston, 1996) was conducted to 
determine how browsing and grazing changed in relation to each other. Where the 
value for browsing or grazing was zero, half of the smallest value greater than zero 
was used to replace it. The fixed model had animal species, treatment, observation 
period and interactions thereof. The random model had paddock and the interaction 
of paddock with individual animals within a species. 
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4.2.3.10.5. Bite rate, Bite size, Daily intake rate, Daily intake, Diet digestibility 
and Diet composition 
Bite rate, Bite size and Daily intake rate 
The above were calculated and analysed as described in section 4.2.2.10.4. 
Daily intake 
The daily intakes were calculated from the n-alkane concentrations as described in 
section 4.2.2.10.4. Because the data was not normally distributed, it was log—
transformed. The fixed model consisted of digestibility as a covariate, animal 
species, treatment, observation period and some interactions thereof. The random 
model had the interaction of paddock with animal species and individual animals as a 
term. 
Diet digestibility 
The diet digestibility for each animal was also calculated as described in section 
4.2.2.10.4. The fixed model in the analysis had animal species, treatment, 
observation period and interactions thereof as terms, while the random model was the 
interaction of paddock with animal species and individual animals. 
Diet composition 
Using the weights of samples that were collected to simulate the diets that the 
animals were eating, the percentages of grass and browse in the diets of cattle and 
goats were calculated. To determine if there were animal species and treatment 
differences in diet composition, the percentages were then angular transformed in 
Genstat and analysed. The grass and browse data were analysed separately. 
194 
The fixed model for grass composition consisted of animal species, treatment, 
observation period, the interaction between animal species and treatment and the 
interaction between animal species and observation period. The random model had 
paddock as a term. 
The models for browse composition were similar to those of grass. 
4.2.3.10.6. Diet overlap 
Diet overlap was determined as described in section 4.2.2.9.5. 
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4.3. RESULTS 
4.3.1. EXPERIMENT 1— 1999 
The 1998-99 season had a total rainfall of 376 mm (Figure 4.3). This was 
approximately 60% of the long-term average. The mean monthly maximum 
temperatures are also shown in Figure 4.3, these ranged from 21 to 30 °C. 
4.3.1.1. Grass 
Figure 4.7 shows the CP and NDF content of grass, forbs and browse in the paddocks 
during different seasons. As is typical of semi-arid ecosytems, there was a general 
decline in the CP content of grass and forbs from the wet to the dry season. 
There was more biomass in the late-wet season than the dry (Table 4.3 and 4.4; F 1 , 83 
= 29.78, P < 0.001). There was also more biomass on the first assessment than on 
the second, which was conducted after the animals had been grazing in the paddocks 
(F 1 , 83 = 6.10, P = 0.014). This was due to the differences between the assessments 
during the dry season (with more biomass during the first assessment), since there 
was no significant change between assessments in the late-wet season (17 1 , 83 = 8.82, P 
= 0.003; s.e.d. = 0.125, P = 0.05). 
The treatments imposed on the paddocks by defoliation did not create a treatment 
difference in total grass biomass (F 2 , 83 = 1.3 1, P = 0.3). The grass biomass consisted 
of green leaves, dry leaves, moribund, pseudostems and reproductive stems. The 
green component of grass is the most important since animals prefer to feed on it. 
Although, subjectively, the green material was less in the low-grass treatment, this 
was not quantified because the samples were separated into leaf, stem and flower, but 
the green, dead and moribund leaf were kept together. The presence of moribund 




Figure 4. 7: Crude protein and Neutral detergent fibre (%) in grass, forbes and 
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Table 4.3: Grass biomass (kg DMThectare) for paddocks in 1999 where cattle and 
goats grazed. (s.c. is given in brackets). 
Treatment 	Paddock 	Late-wet season 	Dry season 
Control A 	 208.16(106) 	15.60(11) 
B 132.79(140) 39.71 (29) 
Trt average 	 170.48 	 27.66 
Low-grass 	C 	 82.32 (37) 	 22.08 (22) 
E 54.91 (38) 8.04(8) 
Trt average 	 68.62 	 15.06 
Low-browse 	D 	 186.95 (171) 	39.76 (28) 
F 53.47 (64) 19.20 (16) 
Trt average 	 120.21 	 29.48 
All sections of a paddock had similar amounts of biomass (F6,83 = 1.6, P = 0.1) but 
when the sections for each treatment were considered within a season, the differences 
were significant (Figure 4.8; F12,83 = 2.21, P = 0.009; s.e.d. = 0.3529, P = 0.05). 
During the late-wet season, the biomass in the low-grass treatment was fairly uniform 
across all sections, but the pattern was different in the dry season, with more biomass 
in section 4. No other interactions were significant. 
Leaf to stem ratio 
The leaf:stem ratio was different between grass species and on different parts of the 
paddocks (Tables 4.5 and 4.6). Sa had the lowest leaf to stem ratio while all the 
other grass species had similar proportions of leaf (F5,335-33=  7.62, P <0.001, s.e.d. = 
0.183, P = 0.05). Tt and He were the most dominant grass species in the paddocks 
(Table 4.4) and had high proportions of leaf in their tufts, therefore all the paddocks 
were expected to have more leaf than stem for the animals to feed on. 
Table 4.4: Proportion of grass species in paddocks in 1999 determined from biomass harvests. 
Season Treatment 	Paddock CC 	CP 	 ET 	HC 	OTHERS 	RN 	IT 
Late-wet 	Control 	A 0.037 0.105 0.121 0.476 0.005 0.256 
B 0.066 0.024 0.026 0.328 0.205 0.037 0.314 
Low-browse 	D 0.106 0.029 0.036 0.094 0.445 0.034 0.256 
F 0.012 0.014 0.064 0.264 0.148 0.065 0.433 
Low-grass 	C 0.048 0.076 0.036 0.609 0.231 
E 0.041 0.058 0.259 0.395 0.018 0.229 
Dry 	Control A 0.088 0.034 0.111 0.465 0.302 
B 0.045 0.070 0.009 0.192 0.379 	0.005 0.300 
Low-browse D 0.166 0.060 0.116 0.094 0.378 0.186 
F 0.209 0.038 0.287 0.074 	0.020 0.372 
Low-grass C 0.029 0.409 0.169 0.055 0.127 0.211 
E 0.419 0.581 
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Figure 4.8: Grass biomass per section for 3 treatments during the wet and dry 
seasons of 1999. 
Late-wet season 





Table 4.5: Leaf to stem ratio of grass in the paddocks in Late-wet and Dry seasons of 
1999. (s.c. is given in brackets). 
Treatment 	Paddock 	Late-wet season 	Dry season 
Control A 11.2 (24) 2.7(3) 
B 6.0(11) 4.3(6) 
Trt average 8.6 3.5 
Low-grass C 3.9(7) 15 (37) 
E 3.0(4) 10.3 (24) 
Trt average 3.5 12.7 
Low-browse D 8.8(17) 9.7(3) 
F 2.8(7) 2.2(3) 
Trt average 5.8 6.0 
Table 4.6: Leaf to stem ratio of different grass species. (s.c. is given in brackets). 
Grass species Leaf to stem ratio 
Cymbopogon plurinodis (Cp) 10.7 (31) 
Heteropogon contortus (He) 5.4 (10) 
Rhynchelytrum nerviglume (Rn) 2.8(4) 
Setaria anceps (Sa) 1.5 (3) 
Themeda triandra (Tt) 8.4(18) 
Other species 8.1(17) 
Some sections had higher ratios than others (Table 4.7; F 6 , 335.33 = 2.42, P = 0.025; 
s.e.d. = 0. 1296, P = 0.05). The first section (at the bottom of the hill, where the water 
trough was located) had the lowest proportion of leaf and it was significantly 
different from sections 3 and 4 (side and top of the hill, respectively), otherwise the 
others were the same (F 6 ,335 .33 = 2.42, P = 0.025; s.e.d. 0.183, P = 0.05). 
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Table 4.7: Leaf to stem ratios of different sections in paddocks. 
Section 	 Log of Leaf to stem ratio 	Untransformed Leaf to stem ratio 
1 0.0373 0.92 
2 0.1364 1.37 
3 0.3495 2.24 
4 0.3601 2.29 
5 0.1416 1.39 
6 0.2081 1.61 
7 0.1677 1.47 
s.e.d. 0.1296 
There were neither treatment nor seasonal differences in the ratio and there were no 
significant interactions. 
4.3.1.2. Browse 
Browse densities and proportions 
The densities and proportions of the trees are given in Table 4.8. The most dominant 
species are Acacia species, but Securinega virosa occurred in high proportions in 
paddocks A and B which were both in the control treatment. The Combretum species 
was also important making up up to 21% of the total number of trees in paddock E. 
Browse biomass 
There was more browse biomass in the late-wet season than in the dry season (Table 
4.9, F 1 ,568 = 650.4, P <0.001). The dry season experiment was conducted after leaf 
fall when most twigs had dried up before the dry season new flush of shoots, 
explaining the low biomass in that season. 
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Table 4.8: Density (number of trees per hectare) and proportion of tree species in 1999 in paddocks. 
TREATMENT 	 CONTROL 	 LOWGR 	 LOWBR 
PADDOCK 	 A 	B 	C 	E 	D 	F 
DENSITY 	 Acacia spps 185 193 100 256 235 240 
Combretum spp 70 109 73 201 173 180 
Dichrostachys cinerea 10 29 58 56 20 49 
Euclea divinorum 35 25 17 30 23 27 
Grewia monticola 24 48 108 41 77 30 
Rhus species 45 24 21 12 14 22 
Securinega virosa 205 170 55 147 148 133 
Ziziphus mucronata 51 36 25 20 25 32 
Other 75 150 139 208 146 344 
PROPORTION 	 Acacia spp 0.26 0.25 0.17 0.26 0.27 0.23 
Combretum spp 0.10 0.14 0.12 0.21 0.20 0.17 
Dichrostachys cineria 0.01 0.04 0.10 0.06 0.02 0.05 
Euclea divinorum 0.05 0.03 0.03 0.03 0.03 0.03 
Grewia monticola 0.03 0.06 0.18 0.04 0.09 0.03 
Rhus species 0.06 0.03 0.03 0.01 0.02 0.02 
Securinega virosa 0.29 0.22 0.09 0.15 0.17 0.13 
Ziziphus mucronata 0.07 0.05 0.04 0.02 0.03 0.03 
Other 0.11 0.19 0.23 0.21 0.17 0.33 
Table 4.9: Available browse biomass (kg DM/hectare) in the paddocks for foraging experiment with cattle and goats. 
Treatment 	Control 	 Low-grass - 	 Low-browse 
Season 	 Paddock A 	B 	C 	E D 	F 
ASSESSMENT 
LATEWET 	 Before observation 19.7 12.6 9.5 17.5 20.2 10.2 
After observation 12.0 12.2 8.6 15.5 10.8 6.6 
DRY 	 Before observation 1.0 0.7 0.3 0.8 0.3 0.4 
After observation 1.0 0.6 0.3 0.8 0.3 0.4 
Note: Available browse biomass is that which is found at 2mm clip diameter. 
Table 4.10: Available browse biomass (kg DM per hectare) in different height 
classes during the late-wet and dry seasons of 1999. 
Log biomass Untransformed 	- 
Height class Late-wet Dry season Late-wet Dry season 
season season 
1(0-50cm) -0.1337 -2.1448 0.735 0.007 
2 (50— 100 cm) 0.3197 -1.0628 2.088 0.087 
3(100-150cm) 0.5067 -0.8567 3.211 0.139 
4(150-200cm) 0.5511 -1.2311 3.557 0.058 
s.e.d. 0.074 
The browse biomass was not equally distributed between height classes (Table 4. 10, 
F3 ,568 = 195.83, P < 0.001). All height classes had significantly different biomass 
except height classes 2 and 4 (s.e.d. = 0.0435, P = 0.05). But most of the biomass 
was found in the first 3 height classes (0 - 150 cm) and therefore within reach for the 
goats since their browse line is 150 cm. The low biomass in the 0 - 50 cm range just 
shows the ages of the trees, where most of them are older and do not have branches 
that low. 
During the late-wet season there was a significant reduction in the browse biomass 
from the first to the second assessment (Table 4.9, F 1 ,568 = 9.7, P = 0.002). During 
the dry season, there was no significant reduction in the browse biomass from the 
first to the second assessment (Table 4.9, F 1 ,568 = 7.5, P = 0.006; s.e.d. = 0.06191, P = 
0.001). 
Browse was not evenly distributed between the sections. In sections 3 and 6, the 
browse biomass was significantly less than in sections 1 and 2 while all the other 
sections were the same (176,568 = 3.35, P = 0.003; s.e.d. = 0.1199, P = 0.05). This was 
due to the distribution of browse during the late-wet season since the browse biomass 
was similar in all sections during the dry season (Figure 4.9; F 6 ,568 = 2.45, P = 0.02; 
s.e.d. = 0.17; P 0.05). 
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Figure 4.10: Average browse biomass (kg DM) per treatment for the wet and dry 
seasons of 1999. 








There were no significant treatment differences in browse biomass (171,568 = 0.2, P = 
0.7). But there were treatment differences between the control, which had more 
browse biomass, than the low-browse treatment during the late-wet season (Figure 
4.10; F 1 ,568 = 10.1, P = 0.002; s.e.d. = 0.151, p = 0.001). In terms of browse biomass, 
the treatment effects intended had disappeared during the dry season because the 
effects of senescence had overridden the treatment differences observed between the 
control and low-browse treatments during the late-wet season. 
There was a linear increase in biomass from height class I to height class 4 during 
the late-wet season (height class-season interaction) (Figure 4.11; F3, 568 = 26.47, p < 
0.001; s.e.d. = 0.074, p = 0.05) although all heights had the same low biomass during 
the dry season due to senescence. The interaction between height class and treatment 
is shown in Figure 4.11 (F 6,568 = 9.2; P <0.001; s.e.d. = 0.0974, P = 0.05). The low-
grass treatment shows a constant increase in browse biomass from height class 1 to 4. 
For the other treatments, the biomass tails off from height class 2 and 3, respectively. 
These differences only existed during the late-wet season, otherwise the height 
classes in all the treatments had the same biomass during the dry season (Figure 4.11; 
F6568 = 3.68, P = 0.001; s.e.d. = 0. 17, P = 0.05). 
4.3.1.3. Relative abundance of browse and grass 
Table 4.11 shows the browse and grass biomass for the different treatments as well as 
the browse to grass biomass ratios. When the grass biomass was low (Low-grass 
treatment), the ratio was larger than when browse was low (Low-browse treatment), 
as expected. The control treatment had a smaller ratio during the late-wet season, 
due to the large amount of grass biomass. The defoliating treatments had the desired 
effects, although replicates were different in grass and browse biomass due to the 
differences in initial biomass. 
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Figure 4.11: Browse biomass (kg) for treatments at different height classes for the 
wet and dry seasons. 
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Table 4.11: Browse and grass biomass available in the paddocks and the browse to grass biomass ratios. 
Treatment 	Paddock 	Browse biomass 	 Grass biomass 	 Browse to grass ratio 
Late-wet 	Dry 	Late-wet 	Dry 	Late-wet 	Dry 
Control A 19.7 1.0 208 15 0.10 0.06 
B 12.6 0.7 132 40 0.10 0.02 
Treatment 16.2 0.8 170 28 0.10 0.03 
average 
Low-grass C 9.6 0.3 83 22 0.12 0.02 
E 17.5 0.8 55 8 0.32 0.10 
Treatment 13.5 0.6 69 15 0.20 0.04 
average 
Low-browse D 20.2 0.3 128 35 0.16 0.01 
F 10.2 0.4 52 19 0.20 0.02 
Treatment 15.2 0.4 90 27 0.17 0.01 
average 
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4.3.1.4. Time budgets of cattle and goats 
4.3.1.4.1. Activity patterns of cattle and goats 
Figure 4.12 shows the proportion of time that was spent on feeding, ruminating and 
other activities. Cattle and goats spent most of their time feeding. When considered 
together, walking, ruminating and other activities (mainly resting) constituted 
between 4 and 31% of the grazing time. 
4.3.1.4.1.1. Feeding 
The proportion of time spent feeding was dependent on the season and the animal 
species. During the late-wet season, there was a higher proportion of time spent on 
feeding than in the dry season, 0.87 and 0.75, respectively (F 1 , 119 . 23 = 81.91, P < 
0.001). On the other hand, goats allocated more time to feeding than did cattle, 0.84 
and 0.77, respectively (Figure 4.12; F 1 , 119 , 23 = 6.68, P = 0.01). This was as a result of 
goats spending a significantly longer time feeding during the late-wet season than did 
cattle (Table 4.12; F 1 , 119 , 23 = 7.70, P = 0.006; s.e.d. = 1.797, P = 0.05). Otherwise, 
the proportions for cattle and goats were similar during the dry season. 
Table 4.12: Percentage (%) of time spent feeding by cattle and goats during the late-
wet and dry seasons of 1999. 
Season 	Feeding time - 	 Untransformed feeding time 
(Angular transformation of %) 	(%) 
Cattle 	Goats 	Cattle 	 Goats 
Late-wet 	64.80 	 72.12 	82 	 91 
Dry 	 59.01 	 61.27 	73 	 77 
s.e.d. 	 1.797 
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Figure 4.12: Proportion of time spent on activities during the wet and dry seasons of 
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The treatments did not affect the feeding time (F, 1 1921 = 0.29. P = 0.7). The 
implication being that the animals were not limited in resources and did not, 
therefore, require to extend their feeding time to meet their daily dry matter 
requirements. 
There were no other significant interactions. 
4.3.1.4.1.2. Walking 
Walking was only affected by the animal species, no other factors were significant. 
Cattle spent a larger proportion of their time walking than goats, 0.007 and 0.0002, 
respectively (Figure 4.12, 1 7 1 ,2 78 = 63.5, P < 0.001). But this is less than 1% of the 
grazing time and is, therefore, negligible. It is important to note that the walking 
considered here is when the animals were not feeding at the same time. Thus, even 
though goats also moved around, they did so while feeding. 
4.3.1.4.1.3. Ruminating 
The animals significantly increased the proportion of time they spent ruminating 
from the late-wet to the dry season, (Figure 4.12; F 1 ,26479 = 4.11, p = 0.04). This was 
due to goats which significantly increased their ruminating during the dry season. 
There were no treatment differences (F 2 ,264 . 79 = o.oi, P = 0.99), and no other 
significant interactions. 
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4.3.1.4.1.4. Other activities 
Cattle rested more than goats (Figure 4.12; F1,264.89 = 7.42, P = 0.006), and both cattle 
and goats rested more during the dry than the late-wet season (F,,88 = 5.18, P = 
0.023), probably due to the higher temperatures in the dry season. 
4.3.1.4.2. Relationship between browsing and grazing 
Figure 4.13 shows animal species differences in the frequencies of browsing, grazing 
and the browsing to grazing ratios for the late-wet and dry seasons and treatments. 
Goats had a higher frequency of browsing, unlike cattle which had a higher frequency 
of grazing, resulting in goats having significantly higher browsing to grazing ratios 
than cattle (Figure 4.13, F 1 , 10431 = 237.6, P <0.001). 
The late-wet season had a higher browsing to grazing ratio of 0.248 and the dry had 
0.067 (F,, 104 .3 1  = 237.6, P < 0.001). This is because cattle maintained their browsing 
to grazing ratio from the late-wet to the dry season, while goats showed sensitivity to 
the low browse biomass during the dry season resulting in a significant fall in the 
ratio (Figure 4.14; F2, 1 04.31 = 13.3, P < 0.005; s.e.d. = 0.06134, P = 0.001). The 
available browse was central to the way in which the animals utilised browse and 
grass, particularly for goats. 
There were no significant treatment differences (F 2 , 104 . 31  = 1.15, P = 0.32), because 
there were no treatment effects during the dry season (Figure 4.13, F 2 , 10431 = 23.15 5 P 
< 0.0001). The control and low-grass treatments had significantly higher ratios 
during the late-wet season than the dry (s.e.d. = 0.1296, P = 0.001). As stated before, 
the dry season response is due to limited browse biomass which resulted in lower 
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The goats responded to the treatments by increasing their frequency of browsing 
when grass was low (Low-grass treatment) and the frequency of browsing was lower 
when browse was limited (Low-browse treatment) (Figure 4.13a, F2j031 = 14.5, P< 
0.001). Cattle did not respond to the treatments resulting in a significant interaction 
between animal species and treatment (s.e.d. = 0.1342, P = 0.001). The results 
suggest that the grass biomass was not low enough to limit intake of grass, because 
only then would the cattle have been expected to respond by significantly increasing 
the frequency of browsing. 
Figure 4.14: Average Browsing to Grazing ratio of cattle and goats in the wet and dry 
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4.3.1.5. Bite rate, Bite size and Daily intake rate 
Bite rate 
Table 4.13 shows that cattle and goats had similar bite rates on grass under free-
ranging conditions (F 1 ,40 = 3.29, P = 0.07) and the treatments did not cause any 
differences in bite rates (F 240 = 0.20, P = 0.8). However, the interaction between 
animals species and treatment was significant because goats had a higher bite rate on 
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the low-browse treatment than cattle (F2, = 3.69, p = 0.025). 
Bite rates for browse are given for goats only because cattle were not observed 
browsing. 
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Table 4.13: Bite rate (bite per second), estimated bite size (milligrams) and intake rate (milligrams per second) of cattle and goats on three 




Low-grass 	0.73 	0.75 
- only one value recorded for the bite rate. 
Bite size 
Browse Grass 
Goats Cattle Goats 
0•59* 
851(174) 174(50) 
0.64 802(135) 133(74) 
0.69(0.08) 581 (217) 170 (77) 
Intake rate 
Browse Grass 
Goats Cattle Goats 
77* 
673(119) 132(51) 
553 (471) 571 (80) 103 (46) 














Cattle had between 4 and 6 times larger bite sizes than goats on grass (Table 4.13). 
Cattle had their smallest bite size on the low-grass treatment, probably due to the 
shorter swards; while goats had the smallest bite size on the low-browse treatment 
explaining the higher bite rates. 
The poor estimation for bite size on browse for goats on the control treatment is due 
to a single observation made. Bite size for browse is only given for goats because 
cattle where not observed browsing. 
Intake rate 
Cattle had higher intake rates than goats on grass and for both animals, the highest 
intake rate was on the control treatment on which the browse and grass resources 
were abundant. 
4.3.1.6. Daily intake 
The daily intake increased significantly with digestibility (Figure 4.15, F 1 , 11003 4. 1, 
P = 0.045). The methods used to calculate daily intake and digestibility were 
considered as independent, therefore the observed results show a natural relationship 
between the two parameters. Cattle tended to increase their daily intake at a faster 
rate than goats as digestibility increased (F 1 , 110 . 03 = 22.4, P <0.001). 
Due to their differences in body size, cattle and goats had significantly different daily 
intakes, 7.109 and 1.475 kg DM per day, respectively (Table 4.14; F 1 , 11003 = 3458, P 
< 0.001). The daily intake was 3% and 6% of cattle and goats body weights, 
respectively. 
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Figure 4.15: Relationship between diet digestibility and intake (kg DM/day) for cattle 
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During the late-wet season, daily intakes were higher than during the dry season, 
(F 1 , 1  10.03 = 8.8 9 p = 0.0037). 
During the dry season, there was a general loss in weight for cattle from the first 
week of observations to the sixth (258.7 and 239.1 kg, respectively). This was 
approximately 8% loss. Goats, however, lost about 4% (from 25.9 to 24.8 kg, 
respectively). The main limitation was the supply of crude protein since most of the 
browse had senesced and the animals had to depend on leaf litter with less CP 
content than fresh leaf. These animals are normally given a CP supplement during 
the dry season. 
There were, however no treatment differences in daily intake, implying that the 
animals were able to counter the treatment effects and maintain their daily intake, or 
that the treatments did not cause a limitation in biomass to result in a change in daily 
intake (F 2,110.03, P = 0.64). 
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Table 4.14: Daily intake (kg DM), daily metabolisable energy (ME) intake (MJ) and diet digestibility (proportion) of cattle and goats in the 
late-wet and dry seasons in 1999. 
Season 	Treatment Cattle Goats 
DM intake ME intake Digestibility DM intake ME intake Digestibility 
Late-wet 	Control 9.006 (4.4) 92.19 (52.4) 0.69 (0.08) 2.694 (0.5) 30.13 (6.0) 0.79 (0.04) 
Low-browse S.260 (1.1) 31.10 (12.6) 0.47 (0.06) 1.576 (0.5) 15.43 (7.7) 0.64 (0.20) 
Low-grass 9.480(l.4) 89.97 (19.02) 0.67 (0.06) 2.009 (0.3) 20.43 (4.5) 0.72 (0.04) 
Dry 	Control 	7.700 (2.2) 	70.18 (27.3) 	0.63 (0.07) 	1.760(l.0) 	17.50 (13.4) 	0.68 (0.1) 
Low-browse 	8.058(l.5) 	75.01 (21.04) 	0.65 (0.09) 	1.699 (0.5) 	16.26 (7.2) 	0.65 (0.1) 
Low-grass 	7.551 (1.8) 	69.55 (25.58) 	0.64 (0.09) 	2.243(l.2) 	23.94 (17.0) 	0.71 (0.1) 
Metabolisable energy = daily intake (kg) X percentage dry matter digestibility X 0.141 
The intakes were significantly higher when alkanes were administered using pellets 
than slow release capsules (F 1 , 11.03 = 19.2, P <0.001). The controlled release devices 
were used in two out of the 6 paddocks. This represented only 2 of the treatments. 
To verify that there was no confounding of treatment effect with the mode of 
administering alkanes, the analysis was re-run with data derived from animals dosed 
with capsules. The result was similar, showing that the mode of dosing did not bias 
the overall calculations and responses of animals to the different treatments. 
Table 4.14 also shows the estimated metabolisable energy (ME) intake per day. 
Goats had ME above the estimated maintenance requirements (used that of a 35 kg 
lamb, 7.3 Mi/day). Cattle were below maintenance on the low-browse treatment 
(45MJ/day for a 400 kg steer (McDonald et al, 1988). So, overall, the maintenance 
energy requirements were met. 
4.3.1.7. Diet Digestibility 
The diet digestibility for cattle and goats for the late-wet and dry seasons for the three 
treatments are given in Table 4.14. 
Goats selected a diet with a higher proportion of digestible material than cattle, 0.70 
and 0.63, respectively (F 1 , 106 .06 = 19.6, P < 0.0001). The animal species differences 
were due to the significantly higher digestibility of goats diets in the late-wet season 
since digestibility was similar during the dry season (Table 4.14, F 1 , 1 0606 = 4.6, P = 
0.03; s.e.d. = 0.02, P = 0.05). 
There were also some treatment differences in digestibility (Table 4.15, F2 , 106 ,06 = 
4.85, P = 0.01). The control and low-grass treatments were similar while the low-
browse was significantly less than both were (s.e.d. = 0.03 192, P = 0.05). In the late-
wet season, low-browse had a much lower digestibility, while all treatments were 
similar during the dry season (Table 4.15; F2, 1 06,06 = 12.05, P < 0.0001; s.e.d. = 0.035, 
P = 0.05). 
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Table 4.15: Digestibility (proportion) of diets eaten by cattle and goats during the 
Late-wet and Dry seasons for different treatments. 
Treatment 	 Late-wet 	 Dry 
Control 	 0.750 	 0.659 
Low-browse 	 0.562 	 0.656 
Low-grass 0.701 	 0.674 
s.e.d. 	 0.035 
The late-wet season had similar digestibility to the dry season, 0.67 and 0.66, 
respectively (F210606 = 0. 1, P = 0.75). The grass and browse had higher CP levels in 
the late —wet season and there was more available browse, so the digestibility was 
expected to be significantly higher than the dry season. The late-wet season 
digestibility was suppressed by the unexpectedly low digestibility of the cattle diet on 
the low-browse treatment as well as a generally low value for goats. 
No other interaction was significantly different. 
4.3.1.8. Diet composition and diet overlap for the dry season 
4.3.1.8.1. Diet composition and species selection 
Grass 
For both cattle and goats, the largest proportion of their diets was grass (Table 4.16). 
But cattle had a significantly higher proportion of grass in the diet than goats (17 1 , 57 . 39 
= 6.02,P = 0.014).  There were no treatment differences in the proportions of grass in 
the diets (F2 , 57 . 39 = 0.33, P = 0.7). This is because in this season the treatment effects 
for browse had disappeared due to senescence. 
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Table 4.16: Percentage of browse, grass, forbs and fruit in the diets of cattle and 
goats during the dry season of 1999. (s.c. is given in brackets). 
Browse Grass Forb Fruit 
Animal species Treatment 
Cattle 	Control 8(12) 86(18) 5(11) 0 
Low-browse 1 (5) 96 (5) 0.3(l) 4(0.1) 
Low-grass 15 (19) 83 (20) 2 (5) 0 
Goats 	Control 13 (16) 75 (18) 4 (9) 	10(0.3) 
Low-browse 20 (32) 79 (21) 0.7(2) 	0 
Low-grass 19 (30) 67 (24) 14 (18) 	0 
For cattle, utilisation of grass seemed to have the same pattern as that of the grass 
biomass (Figure 4.16), with Themeda triandra and Heteropogon contortus being the 
most frequently eaten. However, goats had a high frequency of eating Rn in spite of 
its relatively lower biomass, implying selection for this species. 
Browse 
Browse constituted a small proportion of the cattle diet, and this was significantly 
lower than that of goats (Table 4.16; F1,59.26 = 8.14, P = 0.004). The proportions 
were, however, the same for all treatments (F2,59.26 = 0.09, P = 0.9), mainly because 
the dry season experiment was conducted after senescence before new shoots had 
budded, and the browse resource was equally limiting in all treatments. 
Figures 4.17 and 4.18 show that cattle used a narrower range of browse species and 
that most of the browsing was on forbs rather than trees. Where cattle ate browse 
species similar to those eaten by goats (e.g. Combretum species), the proportions 
were small and not all the cattle ate the browse species. Only when green browse 
was limited (Low-browse treatment) did cattle consume some Acacia species, but the 
frequency was quite negligible. Otherwise the tree species consumed by cattle were 
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mainly broad-leaved (Grewia monticola and Combretum species). 
Goats, on the other hand, used Acacia species extensively, as well as Sv. The 
consumption of Acacia species could be related to the availability of biomass and the 
higher density of the trees across all the paddocks. There seems to be a selection for 
Sv, which is characterised by tender leaves. 
During the dry season (Figure 4.18) Ziziphus mucronata became an important part of 
the goats' browse diet across all treatments. It was consumed as leaf litter, and this is 
not reflected in the browse biomass graph (which only considered green twigs). 
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Figure 4.16: Frequency of eating different grass species during the wet and dry seasons of 1999. 
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Figure 4.17: Frequency of cattle and goats being observed eating different browse species on three treatments, contrasted with the available 
browse biomass (kg DM per paddock of 1.825 ha) per day during the wet season of 1999. 












Figure 4.18: Frequency of cattle and goats being observed eating different browse species on three treatments, contrasted with the available 
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4.3.1.8.2. Diet overlap 
Tables 4.17, 4.18 and 4.19 show the Morisita index of overlap for browse species, 
grass species, the functional groups browse and grass and the overall diet overlap 
during the late-wet and dry seasons of 1999. The values of the index range between 
o and I where 0 means there is no overlap and I means a total overlap in the diet 
components. The Morisita index for a functional group is the summation of overlap 
on individual species within a functional group. Therefore the overlap index for a 
functional group such as grass or browse indicates whether or not the animal species 
diets consist of many species in common and if these species are used to the same 
extent (proportion of animals observed eating it). 
The overlap on browse was much smaller than on grass. This can be explained on 
the basis of the range of species utilized by cattle and goats in both functional groups 
(Table4.17, also see section 4.3.1.8.1). 
Despite grass constituting between 73 and 98% of the goats and cattle's diets 
respectively, the overlap indices were also low. As with browse, there were grass 
species that were mainly used by goats (see Figure 4.18). There was a slightly higher 
index during the dry season on the low-browse treatment. This suggests that the 
higher proportion of grass in the diets of cattle and goats on this treatment resulted in 
them using more similar grass species. 
It is important to note that, overall, the overlaps on browse were very low. Any 
possibility of competition would be expected during the dry season when browse and 
grass were less than during the late-wet season. 
Table 4.17: Morisita indices of diet overlap for cattle and goats on browse species 




Low-browse 	Low-grass Control 
Dry season 
Low-browse Low-grass 
Acacia spp 0 0.003 0 0 0.009 0.003 
Combretum spp 0.008 0.009 0.021 0 0 0 
Dichrostachys cineria 0 0 0 0 
Grewia monticola 0.026 0.026 0 
Rhuspyroides 0 0 0 0 0 
Securinega virosa 0.003 0 0 0 0 0 
Ziziphus mucronata 0 0 0 0.003 0 0 
forbs 0.014 0.041 0.037 0.004 0.023 0.003 
other 0.007 0.029 0 0.01 0 0 
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Table 4.18: Mon sita indices of diet overlap for cattle and goats on grass species 
during the late-wet and dry seasons of 1999. 
Grass species 	 Late-wet season 	 Dry season 
Control Low-browse Low-grass Control Low-browse Low-grass 
Aristida barbicollis 0.046 0.044 0.009 0.015 0 0 
Andropogon Schinzii 0.022 0.026 0.003 0.009 0.023 0.023 
Cenchruc ciliaris 0.013 0.037 0.016 0.017 0.047 0.02 
Gym bopogon plurinodis 0.009 0.044 0.015 0.036 0.041 0.024 
Chioris virgata 0 0 
Eragrostis rigidior 0 0 0.017 
Eragrostis superba 0.015 0 0 0 
Eragrostis trichophora 0.033 0.031 0.009 0.037 0.048 0.042 
Heteropogon contortus 0.043 0.12 0.041 0.058 0.086 0.066 
Panicum coloratum 0 
Panicum maximum 0.022 0.023 0.007 0.009 0.059 0.032 
Panicum novemnerve 0.032 0.007 0.017 0 
Rhynchelytrum nerviglume 0.05 0.039 0.01 0.041 0.072 0.088 
Setariapallidefusca 0.113 0.057 0.051 0.087 0.055 0.105 
Setaria incrassata 0 0.033 
Tragus berteronianus 0 
Themeda triandra 0.07 0.125 0.077 0.129 0.198 0.135 
UP 0.026 0 
Table 4.19: Morisita indices of diet overlap for cattle and goats during the late-wet 
and dry seasons of 1999. 
Plant type 	 Treatment Season 
Late-wet Dry 
Browse 	 Control 0.003 0.004 
Low-browse 0.006 0.008 
Low-grass 0.004 0.002 
Grass 	 Control 0.058 0.065 
Low-browse 0.080 0.104 
Low-grass 0.041 0.090 
Overall diet overlap 	Control 0.084 0.059 
Low-browse 0.063 0.092 
Low-grass 0.026 0.079 
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4.3.2. EXPERIMENT 2-2000 
The 1999-2000 season had a total rainfall of 898mm (Figure 4.3). This was about 
50% more than the long-term average. The 1999-2000 season was 2.4 times wetter 
than the 1998-99 season. Figure 4.3 also shows the mean monthly maximum 
temperatures for the same period. The temperatures were similar to those in the 
1998-99 season ranging between 21 and 30'C. 
4.3.2.1. Grass biomass 
In Table 4.20, the CP and NDF of browse and grass were similar for both observation 
periods. Therefore there was no deterioration in the quality of resources and the 
animal responses to the change in observation period would be due to the changes in 
biomass availability. In 2000, there was a low biomass of forbs and these were 
mostly consumed by the second observation period, which is why there were no CP 
and NUF values for this observation period. 
Table 4.20: Crude protein (CP, % in DM) and Neutral Detergent Fibre (NDF, % in 
DM) content of browse, forbs and grass in the paddocks for the dry season 
observation periods in 2000. (s.e. is given in brackets) 
Observation 	Plant type 	 CP 	 NDF 
Browse 	 8.5 (2.3) 53.05 (6.8) 
Forbs 4.87(l.2) 67.47 (14.0) 
Grass 	 2.63 (0.2) 84.01(l.0) 
2 	 Browse 	 8.6(1.7) 	 51.59 (6.8) 
Forbs 
Grass 	 2.49(0.1) 	 83.40(1.4) 
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4.3.2.1.1. Basal cover 
The 1oW-hro\ se treatment had the highest basal cover of ().32 and low-grass-browse 
treatment was half of this, and these 2 treatments were significantly different (Table 
4.21; F2,21 = 3 • 7, p = 0.04; s.e.d. = 0.058, P = 0.05). The low-grass treatment was 
similar to the low-browse treatment. Basal cover is considered as the proportion of 
ground that is covered by grass species and is an indicator of the biomass in an area, 
and the relative abundance of grass species. 
Table 4.21: Proportion of Basal cover for paddocks used during the foraging 
experiment by cattle and goats. (s.e. is given in brackets). 
Treatment 	 Paddock Grass 	 Other 
Low-browse 	 B 	0.23 (0.07) 	 0.77 (0.07) 
F 	0.40 (0.10) 	 0.60 (0.10) 
Trt average 	 0.32 	 0.68 
Low-grass 	 C 	0.11 (0.05) 	 0.89 (0.05) 
E 	0.34 (0.10) 	 0.66 (0.10) 
Trt average 	 0.23 	 0.77 
Low-grass-browse 	A 	0.09 (0.04) 	 0.91 (0.04) 
D 	0.22 (0.18) 	 0.78 (0.18) 
Trt average 	 0.16 	 0.84 
For all the paddocks, Themeda tria,zdra was the most abundant grass species (Table 
4.22) accounting for 0.32 to 0.54 of the grass. 
4.3.2.1.2. Grass biomass 
Table 4.23 shows the total biomass for each paddock and average for treatments for 
the 3 assessments that were conducted (before defoliation, before the first 
observation period and before the second observation period). 
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Table 4.22: Proportion of grass species in paddocks estimated from basal cover assessments. 
Paddock Cenchrus ciliaris Cymbopogon plurinodis Eragroslis trichophora Heferopogon contoilus Rhynchelytrum nerviglume Themeda triandra Other 
Treatment 
B 0.052 0.021 0.006 0.191 0.070 0.536 0.124 
Low-browse 
F 0.041 0.061 0.087 0.160 0.067 0.447 0.137 
C 0.061 0.006 0,074 0.215 0.209 0.319 0.117 
Low-grass 
E 0.029 0.067 0.055 0.098 0.173 0.492 0.086 
Low-grass-browse A 0.107 0.014 0.000 0.214 0.150 0.393 0.121 
D 0.068 0.068 0.061 0.125 0.135 0.530 0.014 
The grass biomass reduced significantly from the first to the third assessment (Table 
4.23, F2,66 = 169.05, P < 0.001). All the assessments were significantly different 
from each other (s.e.d. = 45.25, P = 0.001), showing that the defoliation treatments 
imposed to create the treatments were effective in changing the grass biomass in the 
paddocks. 
Table 4.23: Grass biomass (kg DMJha) for paddocks in 2000 where cattle and goats 
grazed. 
Treatment 	Paddock Assessment I Assessment 2 Assessment 3 
Low-browse 	B 	977.6 	983.9 	622.2 
F 	1218.9 	810.0 	 472.5 
Trt average 	 1098.2 	896.9 	 547.4 
Low-grass C 	1079.3 444.6 299.2 
E 	1066.8 417.6 190.4 
Trt average 1073.1 431.1 244.8 
Low-grass-browse 	A 1274.7 387.6 134.9 
D 1121.8 452.0 115.8 
Trt average 1198.3 419.8 125.3 
There were significant treatment differences in grass biomass (Table 4.23, F 2 ,66 = 
16.45, P < 0.001). The low-browse treatment had significantly more biomass than 
the other two which had similar biomass (s.e.d. = 55.4, P = 0.05). All the treatments 
had similar grass biomass before the first defoliation treatment was conducted (i.e. 
assessment 1). After the first defoliation (assessment 2), the low-browse treatment 
had a significantly higher biomass level than the low-grass and the low-grass-browse 
treatments, which were similar to each other. So, the defoliation effectively created 
the desired differences in biomass. After the second defoliation (assessment 3), the 
relationship was the same as after the first defoliation (Figure 4.19; F 4 , 66 = 9.25, 
P<0.001; s.e.d. = 83.08, P = 0.05). Although the low-grass and low-grass-browse 
treatments had a larger magnitude of difference in assessment 3, this difference was 
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not significant. These differences in biomass were as intended for the treatments. 
Figure 4.19: Grass biomass (kg Dm per paddock) for treatments at different 
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The grass biomass was similar in all sections (F 6 ,66 = 1.07, P = 0.39). All the sections 
for the low-grass and low-grass-browse treatments had similar amounts of biomass, 
but the low-browse treatment had significantly more grass biomass than the other 
treatments in sections 5 and 6 (Figure 4.20, F 1 2,66 = 2.19, P = 0.02; s.e.d. = 128.3, P 
0.05). 
There were no other significant interactions. 
The proportions of the different grass species and forbs in the paddocks per 
assessment are shown in Table 4.24. Themeda triandra and Heteropogon contortus 
are the dominant species concurring with the basal cover results. So, despite the 
large number of grass species, 2 account for most of the biomass in the paddocks. 
This concurs with the results based on the output from basal cover assessment (Table 
4.22), the latter can be used to assess species composition with accuracy. In the year 
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2000, the forbs biomass was very low compared to the previous year. 
Figure 4.20: Average grass biomass (kg DM) for sections within treatments in the dry 
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Table 4.24: Proportion of grass species in paddocks determined from biomass harvests. 
Treatment Paddock Assessment CC CP ET FORBS HC OTHER RN TT 
Low-browse B 1 0.009 0.022 0.031 0 0.173 0.211 0.057 0.497 
2 0.034 0.006 0.114 0.001 0.236 0.051 0.035 0.522 
3 0 0.098 0.187 0.002 0.215 0.118 0.017 0.363 
F 1 0.041 0.025 0.041 0 0.201 0.091 0.146 0.456 
2 0.016 0.020 0.056 0 0.337 0.086 0.045 0.441 
3 0 0.030 0.093 0 0.379 0.093 0.028 0.377 
Low-grass C 1 0.004 0.097 0.044 0.019 0.202 0.155 0.167 0.312 
2 0.013 0.201 0.083 0.010 0.383 0.109 0.082 0.118 
3 0.011 0.140 0.114 0 0.382 0.022 0.076 0.254 
E 1 0.011 0.036 0.016 0 0.372 0.085 0.209 0.270 
2 0 0.113 0.059 0.014 0.400 0.045 0.101 0.267 
3 0 0.179 0.058 0 0.368 0.062 0.001 0.333 
Low-grass-browse A 1 0.037 0.156 0.006 0.009 0.185 0.089 0.072 0.446 
2 0.028 0.113 0.035 0 0.412 0.031 0.009 0.372 
3 0 0.351 0.036 0.021 0.310 0.024 0 0.256 
D 1 0.017 0.082 0.100 0 0.232 0.094 0.120 0.354 
2 0.014 0.142 0.048 0.020 0.246 0.053 0.030 0.447 
3 0 0.040 0.080 0.014 0.243 0.026 0.030 0.567 
CC 	 CP ET HC OTHER RN TT 
Cenchrus ciliaris 	Cymbopogon plurinodis Eragrostis trichophora Heteropogon contorius 	Other species Rhynchelyrrum nerviglume Themeda triandra 
4.3.2.2. Browse density and biomass 
4.3.2.2.1. Density and proportion 
The densities of different tree species ranged from 4 trees per hectare for Rhus 
species in paddock C, to 575 for Combretum species in paddock F (Table 4.25). The 
densities of trees were significantly different between tree species (F 8 , 27 = 20.04, P < 
0.001). Acacia species, Combretum species and Securinega virosa had the highest 
densities of trees. These species were significantly different from all the others 
shown in Table 4.25. The category 'other' was made up of a maximum of 36 tree 
species with very low individual densities. 
The treatments had the same density of trees (1 72 , 27 = 0.69, P = 0.5), and this did not 
differ with browse species (F 1627 = 0.54, P = 0.9). Therefore, all treatments could 
potentially have the same browse biomass from each of the main browse species. 
In Table 4.26, information on density and proportion is presented by height class of 
trees. A relatively larger proportion of trees were in height class 5 (i.e. their heights 
are above 200 cm) which is not accessible to goats, but between 52 and 60% of the 
trees were below 150 cm, and therefore accessible to the goats. 
4.3.2.2.2. Browse biomass 
The total amount of available browse from shoots is given in Table 4.27. There was 
a large variation in the biomass for paddocks within the same treatment. Assessment 
I shows the available biomass before any defoliation treatments were carried out. 
There were significant differences in browse biomass between assessments, it 
reduced from the first to the third (Table 4.27, F 2399 = 336.35, P < 0.001). All 
assessments were significantly different from each other (s.e.d. = 0.075, P = 0.001). 
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Table 4.25: Density (trees/hectare) and proportion of tree species in 2000 in paddocks used for foraging experiment. 
Treament 	 Low-browse - 	 Low-grass 	 Low-grass-browse 
Paddock B 	 F 	 C 	 E 	 A 	 D 
Density 	Acacia species 397 378 361 380 324 436 
Combretum species 313 575 285 397 141 484 
Dichrostachysceneria 102 122 162 105 30 87 
Euclea divinorum 44 56 58 92 21 76 
Grewiamonticola 72 58 118 59 15 85 
Other* 305 505 334 414 145 361 
Rhus species 7 18 4 10 8 8 
Securinegavirosa 281 273 219 228 473 238 
Ziziphus mucronata 64 43 99 29 39 48 
Proportion 	Acacia species 0.25 0.19 0.22 0.22 0.27 0.24 
Combretum species 0.20 0.28 0.17 0.23 0.12 0.27 
Dichrostachys ceneria 0.06 0.06 0.10 0.06 0.02 0.05 
Euclea divinorum 0.03 0.03 0.04 0.05 0.02 0.04 
Grewia monticola 0.05 0.03 0.07 0.03 0.01 0.05 
Other 0.19 0.25 0.20 0.24 0.12 0.20 
Rhus species 0.00 0.01 0.00 0.01 0.01 0.00 
Securinegavirosa 0.18 0.13 0.13 0.13 0.40 0.13 
Ziziphus mucronata 0.04 0.02 0.06 0.02 0.03 0.03 
Category 'Other' consists of 36 species of browse. 
Table 4.26: Density (number of trees per hectare) and proportion of trees per height 
class in 2000 in paddocks used for foraging experiment. 
Treatment Paddock HT1 HT2 HT3 HT4 HT5 
Density 	Low-browse B 152 348 375 241 468 
F 337 449 382 245 614 
Low-grass C 161 338 351 296 494 
E 260 340 357 228 529 
Low-grass-browse A 117 268 329 209 272 
D 249 365 408 274 528 






0.10 0.22 0.24 0.15 0.30 
0.17 0.22 0.19 0.12 0.30 
0.10 0.21 0.21 0.18 0.30 
0.15 0.20 0.21 0.13 0.31 
0.10 0.22 0.28 0.18 0.23 
0.14 0.20 0.22 0.15 0.29 
Table 4.27: Browse biomass (kg DM/hectare) for paddocks in 2000 in paddocks 
used for foraging experiment. 
Treatment Paddock Assessment 1 Assessment 2 Assessment 3 
Low-browse B 7.194 2.632 1.850 
F 5.531 1.880 0.020 
Trt average 6.362 2.256 0.935 
Low-grass C 10.977 2.392 0.736 
E 3.763 1.018 0.004 
Trt average 7.370 1.705 0.370 
Low-grass-browse A 22.409 8.364 4.101 
D 4.380 2.380 0.059 
Trt average 13.394 5.372 2.080 
Note: 	Assessment I - before defoliation treatment Assessment 2 - after the first defoliation 
treatment 	Assessment 3 - after the second defoliation treatment. 
Therefore the defoliation managed to create the desired change in available browse 
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biomass. 
The lowest biomass was in height classes 1 and 4, while 2 and 3 had the most (Table 
4.28, F3,399 = 21.57, P <0.001; s.e.d. = 0.087, p = 0.05). Heights 2 and 3 had similar 
biomass while all the others were different. Therefore, the biomass was not equally 
distributed and the low biomass in height class I could be due to the fact that, when 
trees get taller, they do not have branches in this height range. 
The relationship between height classes changed with assessments with the 
differences narrowing from the first to the second assessments, ending with no 
significant differences in the third assessment (Figure 4.21, F 6,399 = 11.37, P <0.001; 
s.e.d. = 0.150, P = 0.05). In the first assessment, height 2 was significantly higher 
than heights I and 4. In the second assessment, only height 4 was significantly lower 
than height 2. 
Figure 4.21: Average browse biomass for height classes at different assessments in 
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Table 4.28: Average biomass (kg DM/ha) in height classes at different assessments. 
Log Biomass 	 Untransformed 
Assessment HT 	HT2 	HT3 	HT4 	Assessment HT 	HT2 	HT3 	HT4 	Assessment 
mean 	 mean 
1 -0.291 	0.078 	-0.011 -0.349 	-0.143 	0.512 	1.197 	0.975 	0.448 	0.719 
2 -0.711 	-0.483 	-0.691 -1.827 	-0.928 	0.195 	0.329 	0.204 	0.015 	0.118 
3 -2.502 	-1.975 	-1.825 -2.014 	-2.079 	0.003 	0.011 	0.015 	0.010 	0.008 
s.e.d. 0.1502 0.075 
There were significant differences between the low-grass and low-grass-browse 
treatment while the low-browse treatment was similar to both (Table 4.29, F2,399 = 
3.15, P = 0.04; s.e.d. = 0.198, p = 0.05). Although the low-grass-browse treatment 
had larger changes in biomass from the first defoliation (assessment 2) to the second 
defoliation (assessment 3), due to its initially higher biomass before defoliation 
(assessment 1), the treatment maintained a significantly higher browse biomass 
(Figure 4.22, F4,399 = 3.35, P = 0.01). 
Table 4.29: Browse biomass (kg/ha) for all treatments in 2000. 
Treatment 	 Log Biomass 	 Untransformed 
Low-browse -1.144 	 0.072 
Low-grass 	 -1.237 0.058 
Low-grass-browse 	-0.770 	 0.170 
s.e.d. 	 0.1975 
Figure 4.22: Browse biomass (kg DM per paddock) for treatments at different 
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The different sections in the paddocks had similar amounts of biomass (F 6 ,399  = 0.42, 
P = 0.9). There was, however, a significant interaction between section and 
assessment (Figure 4.23, F 12,399 = 2.225, P = 0.01). All sections had the same 
biomass for each assessment, except sections 3,6 and 7 which had similar biomass 
for assessments 2 and 3. This is mainly because, they initially had low browse 
biomass before defoliation was carried out. 
There were no other significant interactions. 
Figure 4.23: Average browse biomass (kg DM) per section for different assessments 
in the dry season of 2000. 
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4.3.2.3. Relationship between browse and grass biomass 
Table 4.30 shows the ratio of available browse to grass biomass for the treatments at 
different assessments. 
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Table 4.30: Browse and grass biomass (kg DM) available in the paddocks and the browse to grass biomass ratios for the dry season of 
2000. 
Treatment 	Paddock 	 Browse biomass 	 Grass biomass 	Browse to grass ratio 
Obsi 	Obs2 	 Obsi 	Obs2 	 Obsi 	Obs2 
Assess 1 	Assess 2 	Assess 3 	Assess 1 	Assess 2 	Assess 3 	Assess 1 	Assess 2 	Assess 3 
Low-browse B 7.2 2.6 1.9 977.6 983.9 622.2 0.0073 0.0027 0.0030 
F 5.5 1.9 0.02 1218.9 810 472.5 0.0045 0.0023 0.00004 
6.4 2.3 0.9 1098.2 896.9 547.4 0.0058 0.0025 0.0017 
Low-grass C 11.0 2.4 0.7 1079.3 444.6 299.2 0.01017 0.0054 0.0025 
E 3.8 1.0 0.004 1066.8 417.6 190.4 0.003527 0.0024 0.00002 
7.4 1.7 0.4 1073.1 431.1 244.8 0.006868 0.0039 0.0015 
Low-grass- A 22.4 8.4 4.1 1274.7 387.6 134.9 0.01758 0.02158 0.0304 
browse 
D 4.4 2.4 0.1 1121.8 452 115.8 0.003904 0.0053 0.0005 
13.4 5.4 2.1 1198.3 419.8 125.3 0.011178 0.0128 0.0166 
During observation period 1, the low-grass treatment had a higher ratio than the low-
browse treatment. This was the expected relationship since the former had less grass, 
and therefore a smaller denominator. The low-grass-browse ratio, was, however 
larger than expected, in relation to the other 2 treatments. The low-grass-browse 
treatment had a higher ratio due to its initially higher browse biomass. But in 
observation period 2, browse biomass in the low-browse treatment did not reduce 
enough to maintain the differences in ratios. 
The relative availability of grass and browse and their effects on the behaviour of the 
animals needs to be considered in conjunction with the biomass of browse and grass 
to see if either one or both are at a limiting level. 
4.3.2.4. Time budgets of cattle and goats 
4.3.2.4.1. Activity patterns of cattle and goats 
The proportion of time spent on feeding, ruminating, walking and on other activities 
(mainly consist of resting and idling) is given in Figure 4.24. 
4.3.2.4.1.1. Feeding 
Both cattle and goats spent most of their time feeding (grazing and browsing). 
However, goats spent a significantly larger proportion of their time feeding, 
compared to cattle, 0.84 and 0.67, respectively (F 1 , 91 . 25 = 76.41, P < 0.001). This is 
because goats fed longer on the low-browse and low-grass-browse treatments than 
cattle, while the durations were similar on the low-grass treatment (F 2 , 91 , 25 = 5.82, P = 
0.003; s.e.d. = 0.252 1, P = 0.05). 
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Figure 4.24: Proportion of time spent on activities during two successive observation 
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There were, however no significant differences in the proportion of time spent 
feeding between the 2 observation periods (F 19125 = 0.01, P = 0.9). But, goats 
reduced their proportions from the first to the second observation while cattle 
increased it, resulting in a significant observation period - animal species interaction 
(Figure 4.25; F 1 ,9125 = 6.61, P = 0.01; s.e.d. 0.1096, P = 0.05). Otherwise, both cattle 
and goats maintained their proportions of time spent feeding during the 2 observation 
periods. 
The proportions of time spent feeding were the same on all the treatments (F2,91 .25 = 
I . 
There were no other significant interactions. 
Figure 4.25: The proportion of time spent feeding by cattle and goats during the first 




















Cattle walked more than goats during observation period I particularly on the low-
grass and low-grass-browse treatments in which grass biomass was limited (Figure 
4.24). The walking activity, in this instance, was when animals walked without 
feeding. So, although goats moved around often, they did while actively involved 
with feeding. No further analysis was done on this factor due to a large number of 
zero values. 
4.3.2.4.1.3. Ruminating 
Ruminating constituted up to 10% of the daily activities of the animals (Figure 4.24). 
The proportion of time spent ruminating reduced to almost half from the first to the 
second observation period, 0.062 and 0.037, respectively (F 1 , 68 . 68 = 8.17, P = 0.004). 
Figure 4.26: Proportion of time spent ruminating during two periods in 2000. 
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Cattle and goats spent similar proportions of time ruminating 	= 8.17, P = 
0.004), and there were no treatment differences (F2 6868 = 0.33, P = 0.7). But the 
low-browse treatment had similar proportions during the 2 observation periods, while 
the low-grass and low-grass-browse treatments had significantly lower proportions of 
time spent ruminating during observation period 2 (Figure 4.26; F 2 ,68 .68 = 12.41, P < 
0.001, s.e.d. = 0.3062, P = 0.05). 
No other interaction was significant. 
4.3.2.4.1.4. Other activities 
Cattle spent significantly more time on other activities, which mainly consisted of 
resting and idling (Figure 4.24; F 1 ,96 . 38 = 107.06; P <0.001). The proportion of time 
on other activities did not change between the observation periods (F2 ,96 . 38 = 0.54, P 
= 0.5), and there were no treatment differences (F 2 ,9638 = 0.09, P = 0.9). But the low-
grass-browse treatment increased more than the other two treatments from 
observation period I to 2 (F2,96.38 = 377, p = 0.02; s.e.d. = 0.49 19, p = 0.05). This 
suggests a tendency to rest when both grass and browse are limited, a trade off 
between the cost of searching for food and the benefit in terms of intake. 
There were no other significant interactions. 
4.3.2.4.2. Relationship between browsing and grazing 
The frequency of browsing and grazing, and the ratio of browsing to grazing for 
cattle and goats on different treatments are shown in Figure 4.27. 
Goats had ratios which were much higher than those of cattle, 0.159 and 0.027, 
respectively (F 1 , 100 = 165.8, P < 0.001). So goats browsed more than cattle, and this 
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Figure 4.27: Frequency of browsing and grazing, and the browsing to grazing ratio of 
cattle and goats in the dry season of 2000. 
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response was expected since goats were shown to be more efficient at consuming 
browse species than cattle (see chapter 3). 
Therefore browsing was an important activity for goats but not cattle. It is important 
to note that, even on the low-grass treatment, where browse was not limited, goats 
still grazed more than they browsed. Therefore, browse biomass ranging between I 
and 3 kg/ha (see Table 4.30) could not sustain a browsing frequency higher than that 
of grass as observed when more browse was available (see Table 4.11 and Figure 
4.13a). 
There were significant treatment differences (Table 4.31, F2,100 = 7.15, P = 0.001). 
When browse was abundant (Low-grass treatment), the browsing to grazing ratio was 
significantly higher than on the other two treatments where browse was limited 
(s.e.d. = 0.158, P = 0.05). This observed response was due to goats which had more 
than two times more browsing on the low-grass treatment than on the other 
treatments (Table 4.31, F 2 , 1 = 7.6, P = 0.001; s.e.d = 0.16, P = 0.001). Cattle 
increased their browsing slightly, but this was not significant. This shows that goats 
were able to respond to a change in the relative abundance of browse, while cattle did 
not respond to browse. 
Table 4.31: Browsing to grazing ratio for cattle and goats on different treatments in 
the dry season of 2000. 
Treatment 	Log-ratio 	 Untransformed 
Cattle 	Goats 	Cattle 	Goats 
Low-browse 	-1.724 	-1.146 	0.019 	0.071 
Low-grass 	-1.390 	-0.294 	0.041 	 0.508 
Low-grass-browse -1.589 	-0.956 	0.026 	0.111 
s.e.d. 	 0.160 
The browsing to grazing ratio was higher for the first observation period (0.076) than 
the second (0.056) (17 1 , 100 = 6.3, P = 0.01). This can be explained by the fact that, 
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when the browse was further reduced during the second defoliation (observation 
period 2), cattle basically stopped browsing, resulting in smaller ratios of browsing to 
grazing during the second observation period (Figure 4.27, F 1 , 1 00 = 4.1, P = 0.01; 
s.e.d. = 0.084, P = 0.05). Goats, however, managed to maintain their ratios between 
observation periods 1 and 2. So at browse levels between 0.2 and 2.8 kg/ha with 
grass biomass ranging between 68.5 and 491.5 kg/ha, cattle will only spend 3% of 
their time browsing, while goats spent between 9 and 18% of their time browsing. 
There were no other significant interactions. 
4.3.2.5. Bite rate, Bite size and Daily intake rate 
Bite rate 
Goats had higher bite rates than cattle on browse (Table 4.32), concurring with the 
results in chapter 3. The bite rates for cattle are based on the low-grass treatment 
only since they were not observed browsing on the other treatments. 
Goats also had higher bite rates on grass than cattle (Table 4.32; 17 1 ,42.21 = 11.28, P < 
0.001). Bite rates were higher during the first than the second observation period 
(F1,42.21 = 3.63, P = 0.057). This is because cattle and goats had a similar bite rate 
during observation period 1, but, that of cattle significantly dropped during 
observation period 2 (F 1 ,42.21 = 6.88, P = 0.009, s.e.d. = 0.02679, P = 0.05). The 
shorter grass during observation period 2 could have made cropping of the grass 
more difficult for cattle, resulting in a reduced bite rate. 
The bite rates for grass were similar on all the treatments (F2, 42.21 = 0.3, P = 0.74), 
although the animal species responded differently to the treatments (Figure 4.28; 
F2,4221 = 8.44, P < 0.001). Goats had a significantly higher bite rate on the low-grass-
browse treatment than cattle, while the bite rates were the same on the two other 
treatments (s.e.d. = 0.0533 1, P = 0.05). Further, the goats' bite rate on the low-grass- 
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browse treatment was significantly higher than on the low-grass treatment, which had 
slightly more grass biomass although not significantly different from the former. 
While goats managed to maintain their bite rates on grass from the first to the second 
observation period, cattle had a significant drop in bite rate on the low-grass-browse 
treatment (Figure 4.29; F 2 , 42 . 21  = 3.69, P = 0.025; s.e.d. = 0.06087, P = 0.05). The 
grass was shorter during the second observation period and would have taken longer 
to handle before severing for cattle, resulting in lower bite rates. 
There were no other significant interactions. 
254 
I 
Table 4.32: Bite rate (bite per second), estimated bite size (milligrams) and intake rate (milligrams per second) of cattle and goats on three 
treatments during the dry season of 2000. (s.d. is given in brackets). 
Treatment Bite rate Bite size Intake rate 
Browse Grass Browse Grass Browse Grass 
Cattle Goats Cattle Goats Cattle Goats Cattle Goats Cattle Goats Cattle Goats 
Low-browse 0.77 0.71 0.75 1020 758 85 (28) 720 544 63(18) 
(0.22) (0.09) (0.10) (1526) (306) (970) (246) 
Low-grass 0.53 0.68 0.75 0.74 9638 171 532 125 (95) 3592 115 393 93 (78) 
(0.27) (0.14) (0.07) (0.10) (8260) (149) (226) (2878) (88) (157) 
Low-grass- 0.69 0.67 0.84 826 714 92 (60) 445 480 75 (44) 
browse (0.18) (0.10) (0.11) (1451) (384) (625) (289) 
No value recorded for the bite rate 
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Figure 4.29: Grass bite rates of cattle and goats on different treatments during the 
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Bite size 
The estimated bite sizes for cattle and goats show that goats had much smaller bite 
sizes on grass and browse on all treatments, compared to cattle (Table 4.32). 
Intake rate 
Cattle had higher intake rates on browse and grass (Table 4.32). The cattle value for 
browse intake rate is based on the low-grass treatment only and is therefore not a 
representation of all the treatments. Its high value could be due to the consumption 
of leaf litter, rather than green leaves per Se. 
4.3.2.6. Daily Intake 
Figure 4.30 shows that daily intake increased with an increase in digestibility (F 1 , 1 00 
36.2, p < 0.001) and that cattle responded at a faster rate to a change in digestibility, 
compared to goats (171, 1 00 = 6.4, p = 0.01). 
Cattle had significantly higher daily intakes than goats, 9.339 and 1.512 kg DM per 
day respectively (Table 4.33; 1 7 1 , 1 00 = 3285, P <0.001). This was 2.5% and 5.4% of 
the cattle and goats body weights, respectively. So cattle just managed to consume 
the lower expected dry matter per day, in relation to body weight (McDonald et al., 
1988). But the cattle could not maintain their body weight on this level of dry matter 
intake. They lost 2% weight from the beginning to the end of the 6-week 
experimental period, whereas goats gained 4% weight. 
There were also significant treatment effects with the highest daily intake on the low-
browse treatment (Table 4.33 and 4.34, F 2 , 100 = 5.15, p = 0.007). The low-browse 
and low-grass treatments had significantly different daily intakes while the other 
treatments were similar (s.e.d. = 0.018, P = 0.001). The low-grass treatment had 
about half the grass biomass in the low-browse treatment. Daily intake was therefore 
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limited by the grass hiomass ax al able. 
The daily intakes were similar for the two observation periods (F 1 , 100 = 0.4, P = 
0.53), suggesting that the changes in biomass were either countered to maintain daily 
intake, or that the changes were not severe enough to result in a change in daily 
intake. But cattle and goats had significantly different daily intakes for both 
observation periods (Figure 4.31, F 11 = 4.8, P = 0.03; s.e.d. = 0.0199, P = 0.05). 
Figure 4.30: Change in Daily Intake (kg DM per day) with increase in diet 
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Table 4.33: Daily intake (kg DM), daily metabolisable energy (ME) intake (mega joules) and diet digestibility (percentage DM) of cattle 
and goats during the dry season of 2000. 
Observation 	Treatment Cattle Goats 
period 
DM intake ME intake Digestibility DM intake ME intake Digestibility 
I 	 Low-browse 10.464 (6.0) 86.67 (79.3) 0.54 (0.19) 1.668 (0.7) 15.00 (9.0) 0.58 (0.17) 
Low-grass 7.597 (2.6) 54.79 (36.5) 0.47 (0.16) 2.271(l.1) 23.47 (14.9) 0.69 (0.12) 
Low-grass-browse 10.929 (5.3) 105.98 (66.7) 0.67 (0.10) 1.919 (0.9) 19.08 (12.0) 0.65 (0.17) 
2 	 Low-browse 	9.326 (3.3) 	77.30 (41.9) 	0.55 (0.14) 	1.577 (0.3) 	12.18 (3.8) 	0.54 (0.08) 
Low-grass 	7.311(2.7) 	47.39 (39.5) 	0.50 (0.18) 	1.916 (0.7) 	18.08 (8.5) 	0.64 (0.10) 
Low-grass-browse 7.899 (2.2) 	62.00 (27.8) 	0.53 (0.11) 	2.001 (0.8) 	19.90 (10.6) 	0.67 (0.10) 







Table 4.34. Average Daily feed intake for different treatments in 2000. 
Treatment 	 Log Intake 	Untransformed 
Low-browse 0.615 4.120 
Low-grass 	 0.018 	 3.550 
Low-grass-browse 	 0.559 3.620 
s.e.d. 	 0.018 
There was a significant interaction between animal species, digestibility and 
treatment (Figure 4.32, F 4 , 1 = 5.1, P <0.001). For cattle and goats, all treatments 
had different rates of increase in intake per increase in digestibility. Cattle had the 
highest response on the low-grass-browse treatment, while goats had it on the Low-
grass treatment. 
Table 4.33 shows that both cattle and goats met their ME requirements on all the 
treatments. 
Figure 4.31: Daily intakes (kg DM) for cattle and goats during two periods (Obs 1 and 
Obs2) in the dry season of 2000. 
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Figure 4.32: Relationship between digestibility and daily intake (kg DM) for cattle 
and goats on different treatments during the dry season of 2000. 
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4.3.2.7. Diet digestibility 
The diet which was eaten by goats had a significantly higher digestibility than that of 
cattle, 0.63 and 0.54, respectively (Table 4.33; F 1 , 101 = 11.8, P <0.001). 
The digestibility of low-browse (0.55) was significantly different from low-grass-
browse (0.63) treatment while low-grass treatment (0.57) was similar to both 
treatments (F 2 , 101 = 3.2, p = 0.04; s.e.d = 0.032, p = 0.05). There was a significant 
animal species - treatment interaction (Figure 4.33, F2,101 = 3 • 9, p = 0.02). Goats had 
a significantly higher digestibility than cattle on the low-grass treatments, while 
digestibilities on the other treatments were similar (s.e.d. = 0.045, p = 0.05). Goats 
found it easier to select better quality parts of grass on shorter swards. There was 
also some re-growth throughout the experiment that provided young, more digestible 
grass and the other factor was the presence of more browse. 
The two observation periods had similar digestibilities (17 1 ,, 01 = 0.8, p = 0.37). There 
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was no interval beteen the obseration periods, and coupled with the regrowth of 
grass ensured no change in the digestibility of the resources, 
There v crc no other signi tcant interactions. 
Figure 4.33: Digestibility of diets eaten by cattle and goats on different treatments. 
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4.3.2.8. Diet composition, species selection and diet overlap 
4.3.2.8.1. Diet composition 
Grass 
The diet compositions for cattle and goats for the two observation periods are given 
in Table 4.35. Grass constituted the larger proportion of the cattle and goats diets 
ranging from 56 to 100% of the diets. Cattle, being more of grazers than goats, had a 
significantly higher proportion of grass in their diets, 0.99 and 0.83, respectively 
(17 1 , 96 = 20.04, P < 0.001). 
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Table 4.35: Proportion of browse and grass in the diets of cattle and goats during the 
dry season of 2000. (s.e. is given n brackets). 
Observation Animal species Treatment 	Browse 	Grass -- -- - 
I 	 Cattle 	 Low-browse 	0 	 1.00 
Low-grass 	 0.14 (0.35) 	0.86 (0.35) 
Low-grass-browse 	0.10 (0.22) 	0.90 (0.22) 
Goats 	 Low-browse 	0.26 (0.43) 	0.74 (0.43) 
Low-grass 	 0.34 (0.40) 	0.66 (0.40) 
Low-grass-browse 	0.44(0.46) 	0.56 (0.46) 
2 	 Cattle 	 Low-browse 	0.02 (0.05) 	0.98 (0.05) 
Low-grass 	 0.09 (0.20) 	0.91 (0.20) 
Low-grass-browse 	0 	 1.00 
Goats 	 Low-browse 	0.04 (0.08) 	0.96 (0.08) 
Low-grass 	 0.17 (0.21) 	0.83 (0.21) 
Low-grass-browse 	0.33 (0.27) 	0.67 (0.27) 
There was a general tendency for the proportion of grass to increase in the diets from 
the first to the second observation period, 0.90 and 0.96, respectively (F1,96 = 3.59, 
P=0.058). Thus, the animals responded to the reduction in browse biomass by 
increasing the proportion of grass in their diets. 
There were no treatment differences in the proportion of grass (F2,96 = 0.83, P = 0.4) 
and there were no significant interactions. 
For both cattle and goats, the grass species with the most biomass were most 
frequently eaten (Figure 4.36). But both animal species showed a preference for Rn 




Browse, compared to grass, constituted a much smaller proportion of the cattle and 
goats diets. Goats, as expected, had much more browse in their diets than cattle, 0.17 
and 0.007, respectively (F 1 ,96 = 20.04, P <0.001). 
There was a general reduction in browsing for both cattle and goats from the first to 
the second observation period, 0.096 and 0.038 respectively (F 1 ,96 = 3.59, P = 0.058). 
The available browse biomass had reduced to an average of 1 kg per paddock from 3 
kg per paddock, and at these levels, the proportion of browse was reduced by 2.5 
times. 
There were no treatment differences in the proportion of browse in the diet (F 2 ,96 = 
0.83, P = 0.4) and there were no significant interactions. 
Figures 4.35 and 4.36 show the browse species that cattle and goats consumed. 
Cattle avoided the Acacia species, which are characterised by small leaves and 
thorns. Two broad-leaved species, Combretum and Grewia monticola, account for 
more than half of the cattle's browsing. Cattle can have intake rates almost similar to 
those on grass on these species (see chapter 3), explaining why they were browsed 
most frequently. 
Goats browsed mostly on thorny species, Acacia species and Dichrostachys cineria. 
But at an available biomass of less than 0.1 kg per paddock, goats stopped 
consuming Acacia species (Figure 4.35, Low-browse treatment). In such conditions, 






Figure 4.34: Frequency of cattle and goats being observed eating different grass species on three treatments, contrasted with the available 
browse biomass (kg per paddock) per day during the dry season of 2000. 
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Figure 4.35: Frequency of cattle and goats being observed eating different browse species on three treatments, contrasted with the available 
browse biomass (kg per paddock) per day during Observation 1 of the dry season of 2000. 
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Figure 4.36: Frequency of cattle and goats being observed eating different browse species on three treatments, contrasted with the available 
browse biomass (kg DN per paddock) per day during Observation 2 of the dry season of 2000. 
Cattle 	 Goats 
	 Broe biomass 
4.3.2.8.2. Diet overlap 
The diet overlap indices were very low for browse (Table 4.36), with no overlap on 
the low-browse and low-grass-browse treatments during the second observation 
period (Table 4.38). As explained in section 4.3.1.8.2, the diet overlap indices are a 
summation of overlap on individual species. The main reasons for the low browse 
indices are that the cattle engaged in very little browsing, and when they did, they 
mainly used Combretum species, which were not used to the same extent by goats 
(Table 4.36). 
Table 4.36: Morisita indices of browse species overlap for cattle and goats during the 
dry seasons of 2000. 
Browse species 	 Observation period 1 	 Observation period 2 
Low- 	Low-grass Low-gr-br Low- 	Low-grass Low-gr-br 
browse 	 browse 
Acacia chaeresa 0 0 0 
Acacia gerardii 0 0 
Acacia karroo 0 0 
Acacia nilotica 0 0 0 
Comretum apiculatum 0.066 0.007 
Combretum hereroense 0 0 0.022 
Combretum imberbe 0 
Dichrostachys cineria 0 0 0 
Dombeva rotundfo1ia 0 
Euclea divinorum 0 0.014 0 
Grewia monticola 0.019 0 
Maytenus sen egalensis 0 0 
Orozoa insignis 0 0 0 




Securinega virosa 0 0.006 0 0.017 	0 
Terminalia spp 
Ziziphus mucronata 0 0 0 	0 0 	0 
W. 
Table 4.37: Morisita indices of grass species overlap for cattle and goats during the 
dry seasons of 2000. 
Grass species 	 Observation period 1 	 Observation period 2 
Low- 	Low-grass Low-gr-br 	Low- 	Low-grass Low-gr-br 
browse 	 browse 
Aristida barbicollis 0 	0 0 0 0 	0 
Andropogon schinzii 0.011 	0 0.008 0 
Cenchrus ciliaris 0 	0.048 0.007 0.011 0.045 	0.035 
Cymbopogon plurinodis 0.044 	0.063 0.067 0.054 0.129 	0.093 
Chrolis virgata 0 0 
Eragrostis rigidior 0 0 
Eragrostis trichophora 0.059 	0.062 0.038 0.06 0.038 	0.031 
Heteropogoncontortus 0.214 	0.131 0.151 0.173 0.122 	0.145 
Panicum maximum 0.107 	0.028 0.058 0.06 0.071 	0.059 
Panicum novemnerve 0 
Rhynchelytrum nerviglume 0.168 	0.14 0.082 0.189 0.235 	0.123 
Setaria pallidifusca 0.004 	0.006 0 0 0 	0 
Themeda triandra 0.313 	0.262 0.422 0.399 0.408 	0.431 
Table 4.38: Morisita indices of diet overlap for cattle and goats during the dry 
seasons of 2000. 
Plant type Treatment Observation Observation 
period I period 2 
Browse Low-browse 0.0046 0 
Low-grass 0.0017 0.0040 
Low-grass-browse 0.0022 0 
Grass Low-browse 0.2079 0.2597 
Low-grass 0.1620 0.2741 
Low-grass-browse 0.2566 0.2758 
Overall diet overlap Low-browse 0.2038 0.2531 
Low-grass 0.1312 0.2522 
Low-grass-browse 0.2484 0.2615 
FM 
On grass, the overlapping was much higher than on browse. The cattle and goats had 
more grass species in common than browse in the diets (Table 4.37). Grass species 
with the largest indices of overlap were the most abundant on rangeland (Tt and Hc). 
As the grass resources were reduced during the second observation period, the 
overlap increased by 29% (Table 4.38). The results suggest that the second 
defoliation did not only reduce biomass, but narrowed the range of grass species that 
the animals could use. The overall diet overlap follow the trend of the grass overlap. 
Higher overlap indices when resources are more limited increase the chances of 
competition and therefore, competition for grass is expected at the peak of the dry 
season, before the new browse flush. 
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4.4. DISCUSSION 
4.4.1. Defoliation treatments and range resource assessment 
The defoliation techniques used to create the desired treatments were, in general, 
effective. The paddocks had different initial browse and grass biomass. Replicates 
could have been made more similar, in terms of biomass, by varying the number of 
cattle and/or goats defoliating according to the initial biomass. However, the dry 
season of 1999 had no treatment effects because most browse had senesced. 
The methods of assessing browse were effective in showing the changes in biomass 
when fresh shoots were still available since this is what animals generally select 
(Belovsky et al., 1991), but underestimated the total available browse biomass 
because leaves from the older part of the branches were not accounted for. Future 
work will need to take into account all the green leaf that is accessible to the animals 
(Pellew, 1980) particularly when shoots had dried. Therefore the browse biomass 
values should be considered as an index of available biomass rather than the absolute 
quantity. Similarly, assessment of grass could have been improved by separating 
plant parts since the animals could have been responding to the green material, in 
particular. 
4.4.2. Foraging strategies of cattle and goats 
The experiments conducted in 1999 and 2000 show the strategies of cattle and goats 
between and within season when resources changed in both quantity and quality. 
The strategies used by the animals were a response to spatial and temporal 
availability of grass and browse biomass, the animal species' different feeding habits 
and other changes in the environment such as ambient temperatures which influenced 
the decision making process. 
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The discussion considers the strategies of cattle and goats at the activity and feeding 
levels and highlight responses to seasonal changes, and the consequences of the 
foraging decisions on the condition of the animals and how this imparts on the 
adaptability of animal species to resource changes and diet overlap in a mixed 
species grazing system. 
4.4.2.1. Activity level strategies 
The activities of animals were classified into feeding (grazing and browsing) and 
non-feeding (walking, ruminating, idling) activities. The proportion of time the 
animals spent feeding in these experiments was already high since the animals had 
limited grazing time due to kraaling at night (Laca and Demment, 1996). Jason et al 
(1999) also observed that, in temperate conditions, free-ranging sheep with limited 
grazing time, could spend up to 97.8% of their time feeding. In contrast, cattle in 
Niger, which were not kraaled overnight, spent between 25 and 45% (6 - 11 hrs per 
24 hour day) of their time feeding (Dicko-Touré, 1980a; Dicko-Touré, 1980b). 
Despite spending a larger proportion of their time feeding, in terms of the actual 
duration, the animals in our experiments had less time grazing per day (5 - 7 hours 
per day) than free-ranging animals. Therefore, grazing time itself was a constraint, 
which the animals responded to by spending most of their time feeding. 
The feeding time of the cattle in Niger was an inverse of the availability of fodder, 
which changed with seasons (Dicko-Touré, 1980b). Free-ranging animals are 
expected to increase the proportion of time they spend feeding when food resources 
become limiting (Owen-Smith, 1998) in an attempt to compensate. However, cattle 
and goats behaved contrary to expectations by reducing their feeding time during the 
dry season of 1999, when there were fewer resources available. The dry season had 
higher ambient temperatures to which the animals responded by reducing feeding 
time since feeding itself could result in the production of more heat (McDonald et al., 
1988). Scoones (1995) also observed a reduction in daytime feeding during the early 
dry season and proposed that it was an energy saving tactic, but since the animals 
272 
were not kraaled over-night, they could compensate during the night, unlike the ones 
in these experiments. 
Due to their selective feeding strategy, goats spent 19% more time feeding compared 
to cattle in both 1999 and 2000. This concurs with observations made between the 
impala (a selective feeder) and blesbok (Darnaliscus dorcas phillipsi, a bulk feeder) 
in South Africa, where the latter fed for a shorter duration of time due to its 
efficiency as a bulk feeder (50% versus 74% of grazing time respectively), (Klein and 
Fairall, 1986). The goat strategy can be considered as more energetically costly since 
they move about more, compared to cattle, which reduced feeding time as an energy 
conserving strategy (see Klein and Fairall, 1986). The higher proportion of feeding 
time of goats in 2000 could also be explained as a response to limited browse (low-
browse and low-grass-browse treatments) since smaller animals require better quality 
food due to their higher metabolic rate (Jarman and Sinclair, 1979). 
When animals are observed for 24 hours per day, the proportion of time spent 
ruminating can be used as an indicator of the quality of the diet selected by the 
animals, where a shorter ruminating time would indicate a low fibre diet (better 
quality). However, in our studies, behaviour was only recorded while animals were 
in the paddocks and most ruminating is expected to occur at night. In which case, an 
increase in ruminating during the dry season of 1999 could be an indication of the 
need to reduce movement and reduce heat stress on the part of goats. 
4.4.2.2. Feeding level strategies 
The foraging strategies of animal species does not only give an opportunity to predict 
the nutritional outcomes of the foraging decisions made by animals, but it provides 
useful information on the interactions between animals and their food environment 
(Ungar, 1996). The experiments in this study allowed an evaluation of the foraging 




Despite their natural tendency to browse, goats responded to limited browse by 
shifting to the more abundant grass resource. This is due to a reduction in 
instantaneous intake rate on browse (Ginnett et al., 1999) which, in the long term 
(day) would result in low daily intake since the animals had limited time on 
rangeland per day. This dietary flexibility has been observed in goats in Kenya 
(Stuth and Kamau, 1990), in feral goats in Mediterranean scrubland (Aldezabal and 
Garin, 2000), impala (Aepyceros melampus) in South Africa (Meissner et al., 1996) 
in guanaco (Lama guanicoe) (Puig et al., 1996) and sheep in Australia (Arnold, 
1987b). The ability of goats to change their foraging strategy in response to change 
in their environment is why they are classified as mixed opportunistic feeders (Lu. 
1988). Not only does this prove that goats have an ability to interpret the variability 
of resources in their environments, but that they can quickly adapt to the change. In 
practice, it gives goats a greater opportunity to survive in a wide range of 
environments where the relative abundance of browse and grass is continuously 
changing. 
The ability of goats to shift to the more abundant resource was facilitated by the fact 
that they widened their diet breadth (the species in their diets). This is an advantage 
particularly if the species have different growth habits because then the goats can 
always have some green leaf (better quality) in their diets, this is more so for browse 
than grass (see Tainton, 1982). This concurs with the diet composition of sheep 
(Grant et al., 1985), and seems characteristic of small herbivores. 
Ll 
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Figure 4.37: Relationship between browse and grass biornass in the paddocks and in 
the diets of cattle and goats. 
Browse biomass versus browse in diet 
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Cattle 
Cattle maintained their time allocation to grazing and browsing despite treatment 
differences in biomass in 1999, and showed less resilience than goats to low levels of 
browse biomass in 2000.The response in 2000 shows potential in cattle to respond to 
environmental changes by adjusting their activity patterns as observed by Lu (1988). 
Being bulk feeders, cattle seemed to compromise quality for quantity within their 
limited feeding time. So if they could not get an acceptable bite size on browse, they 
were quicker to stop browsing, as observed in kudu (Owen-Smith and Cooper, 1987). 
Cattle had a narrower diet breath, particularly on browse. As predicted in chapter 3, 
cattle are limited in the type of browse species they can utilise when their objective is 
to optimise dry matter intake rate. They are, therefore, more sensitive to species 
composition and densities on rangeland. 
As has been observed elsewhere, the strategy of large herbivores is dependent on the 
presence of different microhabitats or landscapes (Wallis de Vries, 1994) and are less 
flexible on a small scale. Therefore, in our experiments, because the cattle were 
restricted in space, their activities were also restricted. 
Functional response 
The functional responses of the animals in 1999 and 2000 show that cattle and goats 
responded to different cues resulting in different functional responses on browse and 
grass (Figure 4.37). Cattle responded to a change in grass biomass, while the goats 
responded to browse biomass. Kudus in South Africa also showed a linear response 
to an increase in woody foliage biomass, before reaching a plateau at about 80 kg/ha, 
so did moose (Alces alces) feeding on browse (Lundberg and Danell, 1990). The 
observations seem to imply that the data collected represents the lower part of the 
functional response curve. Since cattle, in general, did not show treatment response 
in terms of the time they allocated to browsing and grazing, their functional response 
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can be explained on the basis of increased intake rates when more grass was available 
(Tables 4.13 and 4.32), (Stuth and Chmielewski, 1981; Ginnett et al., 1999) and 
possibly faster movement between patches (see Spalinger and Hobbs, 1992). 
Treatments with low grass biomass were associated with short swards (Plate 4.2) 
resulting in small bite sizes (Burlison et al., 1991; Mitchell et al., 1991; Hughes et al., 
1991) and longer cropping time per bite. Therefore, the mechanism of diet choice 
(between functional groups) for cattle and goats is based on the availability of 
preferred food resources. 
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Plate 4.2: The lo'.\ -giass-browse treatment in paddock A in 2000. 
On the basis of the functional response, we can conclude that the cattle optimised on 
dry matter intake and browsed when their intake rates would be similar to grass. In 
contrast, goats aimed to optimise on the quality of their diet while consuming enough 




4.4.2.3. Outcomes of foraging strategies of cattle and goats 
The different strategies for cattle and goats ensured that they maintained their daily 
dry matter intake across all treatments during the late-wet season. But they could not 
maintain a high digestibility on the low-browse treatment. There was a trade-off 
between diet quality (digestibility) and maintaining daily intake on the low-browse 
treatment. More browse in the diet could have ensured a supply of dietary protein for 
the rumen microflora resulting in a higher degradation of the fibrous food stuffs in 
the rumen (McDonald et al, 1988; Harrington and Wilson, 1980; Nianogo et al., 
1997). On this basis, an environment with unlimited browse can ensure both dry 
matter intake and a high quality diet. Therefore, it can be argued that the strategy of 
goats to shift to browse on the low-grass treatment was targeted at maximising diet 
quality since they could have used moribund grass, which cattle did, and maintained 
their daily intake. Their ability to be more selective explains the higher quality diets 
they ended up with. Jarman and Sinclair (1979) observed that smaller animals 
choose higher quality components of the diet due to the morphology of their mouths 
which allow them to be more selective (Grant et al., 1985). 
The dry seasons were characterised by low availability of browse to which the 
animals responded by reducing the proportion of time they spent browsing and 
consequently the amount of browse in the diet. Herbage intake of animals falls with 
a decline in herbage allowance (Spalinger and Hobbs, 1992; Stuth and Chmielewski, 
1981, see Ungar, 1996) and goats in an Acacia senegal savanna in Kenya had less 
browse in their diets when the available biomass reduced (Stuth and Kamau, 1990), 
so did cattle in Botswana (Moleele, 1998). The animals could not, therefore, mitigate 
the dry season limitations in biomass quantity and quality by increasing browsing as 
observed eslsewhere when browse was available (Owen-Smith, 1985; Aldezabal and 
Garin, 2000, Bayer and Otchere, 1985) resulting in loss of weight during the dry 
seasons (except for goats in the dry season of 2000). 
The poor performance of animals during the dry season was related to scale of the 
area on which they were allowed to feed. Most dry season strategies of herbivores 
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depend on the presence of different microhabitats to which the animals can migrate 
when resources diminish in one habitat (Jarman and Sinclair, 1979; Wallis de Vries, 
1994; Scoones, 1995). The animals in our experiment were restricted to 1.825 ha 
paddocks, which were small. The loss in weight was also due to the fact that the 
cattle and goats had already lost 8 and 4 %, respectively, from the end of the wet 
season to the beginning the dry season (2.5 months). Therefore, by the time the dry 
season started, they were already in a poor body condition. Due to their state, the 
animals could have responded in such a way as to conserve energy, and this could 
have been aggravated by the low levels of crude protein in the grass resulting in low 
dry matter intake per day (Le Houerou, 1980b). Goats, however, gained weight in 
the dry season of 2000, due to the presence of green grass and browse from which 
they could select their diets. 
4.4.2.4. Estimation of Diet digestibility and daily dry matter intake 
Diet digestibility 
The dry matter digestibility of diets eaten by cattle and goats were greater than those 
in free-ranging cattle in an experiment carried out between the early dry and wet 
season (Skinner et al., 1983) (51 to 69%, and were organic matter digestibility rather 
than dry matter). In the same experiment, digestibility of diets for tame impalas 
ranged between 57 and 69% being less variable due to their higher selectivity. The 
information on impala can be compared to goats since they are of similar size and 
feeding habits. Romney et al (1996) observed digestibilities of 49 to 54% for goats 
on a fairly uniform pasture with legumes and no browse in Tanzania. 
Similarly, the dry matter intake values were greater than expected (animals are 
expected to consume between 2.5 and 3% of their body weight). The overestimation 
of daily dry matter intake and diet digestibility is further confirmed by the fact that, 
the estimates of metabolisable energy imply that the animals had enough to meet 
their daily energy requirements, and yet they generally lost weight during the dry 
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season. This could be related to the values of tritriacontane (C33) in the diets eaten by 
the animals. For both the estimation of intake and digestibility (see section 
4.2.2.9.4), C33 concentration in the diet is used. If the C33 concentration in the diets 
of the animals is underestimated, it will result in an overestimation of both intake and 
digestibility. The accuracy with which C33 is estimated depends on the accuracy of 
sampling the diet. Different components of herbage have different concentrations of 
C33 with leaves having more than stems (Mayes, pers. corn.). Simulating the diet of 
the animals by observing what the animals eat and then clipping can result in errors 
in the proportion of plant parts included in the samples. This is more likely for grass 
and less for browse since it is easier to see the exact parts which animals are 
selecting. Future work could consider the use of fistulated animals for diet sampling. 
The viability of this technique depends on the scale of the experiment and the effects 
of constant handling of the animals on the foraging behaviour should be monitored. 
However, despite the overestimation of intake and digestibility, the values can be 
used to assess the relative effects of different treatments. The higher digestibility of 
goats' diets was expected since they are more selective than cattle (Coppock et al., 
1986; Grant et al., 1985). Contrary to our observations in the dry season of 1999, 
Coppock et al (1986) observed that the digestibility of cattle's diets reduced with an 
increase in browse in the diet (see Tables 4.14 and 4.16). This seemed to hold in the 
dry season of 2000 (Tables 4.31 and 4.33) where the lowest digestibility was on the 
low-grass treatment. The reason is not the increase in browse in the diet per se, but 
that, in a low grass treatment, the top horizon had been removed leaving the poorer 
quality lower horizon (lower digestibility). 
4.4.3. Implications of foraging strategies of cattle and goats 
In both years, the strategies of cattle and goats were different, when considered at the 
level of browsing and grazing. Browse was not as important for cattle as it was for 
goats (see Tables 4.16 and 4.33) but low grass conditions did force cattle to browse. 
Cattle are expected to increase browse in their diets when it offers them equal or 
higher intake rates than grass, irrespective of the quality of grass. This could explain 
their choice of broad-leaved lush species such as Combretum apiculatum which 
allowed them to have a large bite size due to the higher leaf density. The avoidance 
of thorny species was due to the low intake rates they can achieve on them (see 
chapter 3). In contrast, goats were not limited in the browse species they could use. 
The differences at the functional group and species within the browse group allow for 
resource differentiation between cattle and goats and are what resulted in the low 
overlap, and thus low potential for competition. For range management where cattle 
and goats graze together, broad-leaved species need to be expanded taking advantage 
of different growth habits of browse species (particularly timing of new flush and 
senescence) to ensure a good supply of forage. The experiments presented here 
showed the difference which the absence of adequate amounts of green browse can 
have on the performance of animals (contrast between 1999 and 2000 dry season). 
The scale at which foraging studies are done is very important in terms of the way in 
which results are applied to other situations. The scale also affects strategies of 
animals and paddocking (in large scale commercial farming systems) should include 
different habitats to allow animals to take advantage of rangeland heterogeneity to 
mitigate seasonal changes in resource availability. In a communal area grazing 
system, the rangelands are large but some important habitats need to be expanded 
and/or protected. It has been shown that the productivity of animals depend on the 
microhabitats that are used during the dry season (Scoones, 1991). The other 
alternative is to intervene with protein supplements during the dry season, but they 
are generally expensive. 
The implication is that cattle and goats can forage in a mixed grazing system without 
competing for resources, as long as a wide range of browse and grass species exist. 
The concern about competition should be during the dry season before leaf flush 
when the biomass of both grass and browse is low, but if resource diversity is high, 
the chances of competition are reduced. 
4.11 
Goats were more flexible and efficient in responding to resource variability and have 
greater potential to thrive in different conditions than cattle. 
4.5. CONCLUSION 
The foraging strategies of animals are only efficient in as far as they ensure that the 
animals maintain or increase their daily intake of digestible nutrients to meet their 
nutrient requirements for maintenance and production when the relative and absolute 
abundance of rangeland resources, as well as the quality are variable due to spatial 
and temporal changes. 
The animals have to respond to spatial and temporal variability of which the latter is 
associated with seasonal changes. The variation is in biomass of grass and browse, 
as well as deterioration in quality (low CP and high fibre), particularly for grass from 
the wet to the dry season, as well as an increase in ambient temperatures. So, 
whatever strategy the animals end up with, it is a compromise between optimising the 
food intake while minimising the amount of time the animal has to feed in that heat. 
The latter is even more important in domestic animals that are kraaled overnight and, 
therefore, cannot take advantage of the cooler mornings and milder late afternoons to 
maximise their daily intake. 
The foraging strategies of cattle and goats to counter the spatial and temporal 
differences in biomass can be considered at two levels, the activity level (which 
includes feeding and non-feeding behaviour) and the feeding level. Goats were more 
flexible and efficient in responding to resource variability and have greater potential 
to thrive in different conditions than cattle when the feeding area/habitat is small. 
Goats responded to browse biomass while cattle responded to grass biomass in line 
with quantity and quality optimisation, respectively. 
The responses of animals can be variable for the same season in different years 
depending on the quantity and quality of biomass, which depend on the amount and 
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distribution of rainfall. 
Management of animals and rangelands should aim to maintain spatial and temporal 
heterogeneity of food resources since it gives the animals an opportunity to select and 
end up with diets better than the average of the rangeland. The spatial scale is also 
important, particularly for cattle because they are limited in their ability to select 
resources at a fine scale and therefore more dependent on the average quality of 
resources on rangeland. 
Summary 
. Under conditions of variable grass and browse biomass, cattle and goats 
responded to different cues in their feeding environment. Cattle responded to 
changes in grass biomass while goats responded to changes in browse 
biomass. Therefore, the cues were based on the preferred resources, and were 
related to their feeding habits. Goats were more flexible than cattle in their 
behavioral responses at the spatial scale of the experiment. 
o Browse was an important resource in the feeding strategy of goats and, in the 
presence of grass and browse, goats could expand their diet breath to mitigate 
the effects of low quantity and quality in food resources. 
• Cattle and goats spent most of their time feeding since they had limited 
grazing time due to the management practice of night kraaling and the 
strategy of increasing feeding time observed in other herbivores, in general, 
was not used. 
• Cattle used broad-leaved browse species, while goats were not limited in the 
types of browse species they used. This resulted in a low diet overlap, 
removing the potential for competition and supporting the case for mixed 
species grazing which would enhance resource utilisation. 




The foraging decisions of animals are made under conditions of multiple constraints, 
both intrinsic and extrinsic to the animal. There are several conflicting demands to 
be met such as meeting nutrient requirements, limiting heat stress and accessing 
water to drink. All these make demands on a limited grazing time under conditions 
of sometimes limited food resources. In response, the animals have to find a level at 
which demands are optimised. For example, cattle in Bidi were observed to 
sometimes drink water on alternating days during the dry season, and this was 
confirmed as typical behaviour by one of the farmers (Puti, pers.com ). This is even 
though water requirements may be higher because of heat and low water content in 
plant material in the dry season. Since water was far from the homestead, this 
strategy did not only save time, but also energy. This gave the animals time to 
concentrate on other activities on alternating days. The implication is that the 
objectives of foraging animals, that have limited feeding time, may not be maximised 
everyday, but that, maximisation or optimisation may occur over a longer period of 
time. Using linear modelling, Belovsky et al (1981) showed that if the moose (Aces 
alces) was to meet its sodium requirements, it had to consume it in one season when 
the plants supplying it were still available, and this was confirmed by field 
experiments. This can only be done for nutrients which can be stored in the body. 
During the dry season, the animals were not able to meet their nutritional 
requirements from the vegetation resources resulting in a loss in condition, except 
where the cattle were supplemented as in Bidi. But during the late-wet season, when 
resources were abundant, they maintained a good body condition. Animals are able 
to compensate for the loss in weight during the dry season, by increasing intake 
during the wet season (abundant food) as observed in camels in a semi-arid 
environment (Abbas et al., 1995) and free-ranging cattle in Zimbabwe (Manyuchi et 
al., 1991). This may imply some flexibility in the management interventions, 
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depending on the management objectives. This issue will be further discussed in 
terms of the management implications. 
The following section will compare the foraging strategies of cattle and goats in Bidi 
and at Matopos Research station, giving insights into the similarities and differences 
in behaviour on two spatial scales. 
5.1. Foraging strategies of cattle and goats in communal area rangelands (Bidi) 
and in small paddocks (Matopos). 
The studies give great insight into: 
(i) the foraging strategies of cattle and goats on: 
Communal area rangelands, which were characterised by low grass biomass, 
relatively more browse biomass and several types of microhabitats, with a 
resource bottleneck during the dry season (chapter 2), 
Small paddocks offering relatively different browse and grass biomass within and 
between different season (chapter 4). 
(ii) the mechanisms by which plant physical characteristics (thorns, leaf size and 
density in browse, and stems in grass) limit intake rates of different species by cattle 
and goats were also determined. An hypothesis was generated about how such 
information could be used in the prediction of resource utilisation or selection under 
free ranging conditions (chapter 3). 
5.1.1. The Strategies 
In spite of the different proportions of time the animals in Bidi and Matopos spent on 
activities, the strategies during the wet and dry seasons were the same. The foraging 
strategies of cattle and goats could be observed at two levels, the activity levels 
(consisting of feeding and non-feeding activities) and the feeding level (consisting of 
browsing, grazing, eating stover (in Bidi). Animals used a combination of both 
strategies in response to the changes in the availability of food resources. 
The Bidi observations allowed a study of the strategies at a large spatial scale, 
compared to the Matopos experiments. The larger spatial scale offered the advantage 
of different microhabitats, which supplied the animals with key resources during 
nutritional bottlenecks. The animals at Matopos were limited to a small area, 1.825 
ha, on which no spatial variation could lead to key resource areas which would be 
important during the dry season. The difference in scale resulted in some constraints 
which were typical of one area, but not the other, for example the location of water 
meant that animals had to walk for longer during the dry season. In general, both 
areas were constrained by food resources, with Bidi experiencing more spatial 
heterogeneity in food distribution. 
5.1.1.1. Activity level strategies 
At the activity level, the animals were dealing with decisions on the amount of time 
they had to allocate to feeding as well as to other non-feeding activities such as 
resting and walking, all of which are mutually exclusive (Laca and Demment, 1996). 
The importance of the non-feeding activities varied with season, in response to 
changes in available resources and ambient temperatures as well as the area (Bidi or 
Matopos). This is because activity contributes to thermal load both because of the 
heat generated by muscular work and by exposing the animals to radiant energy 
(Owen-Smith, 1994). In all observations made in 1999 and 2000 (in Bidi and 
Matopos), animals showed a general tendency to maintain the proportion of time 
they spent feeding. This was mainly because grazing time per day was already 
limited by the management practice of night kraaling. There is also the possibility 
that, because an increase in the duration of feeding would have implied more 
walking, the energy production due to searching could have aggravated the heat 
stress (Belovsky et al., 1999, see Laca and Demment, 1996 for a review). 
The main difference in the activity pattern between the communal area observations 
and those in the paddocks was that the resources in the former were spatially more 
dispersed particularly during the dry season resulting in a need to allocate more time 
to walking to access both food and water. These are typical constraints in a semi-
arid environment (Homewood et al., 1987). Therefore, the significance or 
importance of some activities depends on the spatial scale at which the animals have 
to make decisions, since this is linked to the distribution of resources. So within the 
constraints of grazing time, spatial distribution of resources and the discomfort 
caused by heat stress, animals had to optimise on their different needs. The observed 
strategies, therefore, sought to optimise several conflicting demands at the same 
time. 
Kraaling the animals overnight meant that the animals had to forage during the hot 
parts of the day, even though they increased resting during the dry seasons. This 
increased their stress and put a constraint on their feeding time. 
5.1.1.2. Feeding level strategies 
In general, it was at this level that most responses to resource availability occurred. 
The animal species differences were also manifested in the strategy which they used 
to deal with the relative resource availability between and within seasons (Fig 2.5, 
4.12, 4.26). Goats and cattle responded to different cues in their environment, 
browse and grass, respectively. Cattle utilised grass more efficiently than browse 
(chapter 3). Provenza and Baiph (1987) explained that large herbivores might be 
inherently more efficient at ingesting grass, rather than browse, because of their 
mouth parts which are better suited for handling grass. The controlled experiment on 
intake of browse, however showed that the efficiency (as shown by the intake rates 
achieved) of ingesting broad-leaved browse species can match that of grass for cattle. 
Therefore, generalisations cannot be made because of the effects of browse leaf size 
on intake rate. Since animals are assumed to be rate maximisers (Stephens and 
Krebs, 1986), the cues that they respond to would be expected to reflect the resource 
on which they can optimise their dry matter intake rate or nutrient intake rate, in the 
case of goats. 
NW 
The daily intake and changes in their body weights reflected the efficiency of the 
strategy used by each animal species. The foraging strategies of cattle, in general, 
did not result in them maintaining or improving their body condition. This is 
because, as bulk feeders, they had to trade-off between quality and quantity of 
resources they consumed (Laca and Demment, 1996). This observation is further 
supported by the use of more stover (less CP compared to browse) on the basis of its 
availability and ease of consuming, in contrast to browse with higher CP content in 
Bidi. One possibility is that the cattle had to limit the amount of browse in their diets 
due to the presence of toxins and anti-nutritional factors which would limit the 
digestibility of the diet (Robbins et al., 1987). Goats adapted much faster than cattle 
to the seasonal variation in resources and in general, selected better quality resources, 
concurring with Lu's review (1988). They did this by diversifying their diets as the 
preferred feeds decreased in availability as observed elsewhere (Genin and Pijoan, 
1993, Aldezabal and Garin, 2000, Coppock et al.. 1986). 
The feeding level strategy depended on the availability of a minimum quantity of 
browse, grass and stover (in communal areas). It was observed that, at Matopos, 
when browse was between 0.5 and I kg/ha (note that this is biomass for shoots at 2 
nmi diameter only), cattle ceased to browse, but a bit more browsing occurred at 0.2 
kg/ha (see Mnene et al., 1996). A similar response was shown by goats (see figure 
4.37), but they were more resilient than cattle. What comes out is that, it is not only 
the actual browse biomass that matters, but also its amount in relation to that of 
grass. This suggests a constant re-evaluation of the conditions, and adjusting the 
• strategy accordingly. The proportion of intake in the 2000 experiment at Matopos 
relates more to availability of preferred component than to the availability of the less 
preferred. In that respect, goats showed greater resilience in the 2000 Matopos 
experiment, by maintaining the proportion of time they spent browsing during the 
early and late dry season despite the differences in relative and absolute resource 
biomass. So, cattle would be expected to stop browsing first, when browse 
diminishes opting for poorer quality resources that would offer them more biomass, 
therefore maintaining a higher rate of intake (Hodgson et al., 1991). This was 
probably due to reduced efficiency of harvesting browse as it diminished (Mnene et 
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al., 1996). In South Africa, cattle only browsed in the late-dry season, otherwise they 
grazed all the time (Skinner et al., 1983). 
Crop residues allowed cattle an alternative to grass (stover sprinkled with salt), and 
they managed to maintain a good body condition in the dry season of 1999 (Bidi), 
the worst (low rainfall, dry grass, Mopane had been eaten by worms) of the three 
observed (Plate 5. 1), while the cattle at Matopos were in poor condition. 
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Plate 5. 1: Cattle in Bidi during the 1999 dry season. 
From the strategies, it was clear that cattle and goats could interpret their 
environment and respond so as to mitigate the negative effects of diminishing 
resources. They exhibited plasticity in their diet selection, which is one of the 
premises upon which optimal foraging theory models are made (Belovsky and 
Schmitz, 1991). The frequency of browsing by cattle did not represent the 
proportion of browse in their diets (compare Figure 4.12b with Table 4.16). 
Therefore the time allocated to activities should be interpreted in conjunction with 
the actual intake. 
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5.1.2. Can the intake efficiencies of animals on different browse species under 
controlled conditions be used to predict diet selection on rangeland? 
There have been different views on the basis upon which animals select their diets 
(see Newman et al., 1995). In an experiment with sheep, Parsons et al (1994) 
observed that the selection of grass over clover could not be explained on the basis of 
dry matter intake rate maximisation, nutrient intake, avoidance of toxins or any other 
known reason. 
With respect to browse, there has been evidence of avoidance of species with thorns 
or spines as well as those with small leaves, but this has not occurred in all cases 
(Owen-Smith and Cooper, 1987, Koerth and Stuth, 1991, Haschick and Kerley, 
1997, Belovsky and Schmitz, 1991, Cooper and Owen-Smith, 1986). The work 
above gave outputs of intake rates and their parameters, but did not look into the 
mechanism by which the deterrents occurred. It is against this background that 
experiments in chapter 3 were conducted. Based on the understanding of the 
mechanisms involved in the deterrence of herbivory, the question above was then 
posed. The hypothesis was that cattle would select broad-leaved browse species with 
no thorns/spines, because they were easier to manipulate and took less time to crop 
and yielded more biomass per bite than species with thorns and or small leaves. 
The selection for browse species by cattle observed in Bidi and Matopos Research 
Station could be explained on the basis of the presence or absence of thorns, as well 
•  as on the basis of the leaf size. Cattle avoided thorny species and consumed broad-
leaved species such as Mopane (Bidi) and Combretum species (Bidi and Matopos). 
Goats, on the other hand, could use browse species with thorns and relatively smaller 
leaf sizes. The differences in leaf size and the presence of thorns or spines created 
heterogeneity at the bite size level (also see Dunham, 1980). The bite size is 
considered to be the atom of foraging (Demment and Laca, 1993; Hobbs, 1999) due 
to its effects on instantaneous intake rates on patches, and consequently on daily 
intake. Thus, the advantage of species heterogeneity is that it creates an environment 
in which animals can be selective. Further, species heterogeneity may broaden the 
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seasonal availability of forage due to differences in growth patterns (Tamton et al., 
1996). 
Distel et al (1995) observed that cattle fed on a patch that allowed them greater 
instantaneous intake rate. A browse branch is considered to be a patch. Species with 
physical deterrents would take a longer time to crop and result in low intake rates for 
cattle (chapter 3) and were avoided (Provenza and Balph, 1987). Therefore, cattle 
were constrained by their mouth size and harvesting technique on the small leaves 
and or the presence of thorns, to which they responded by using broad-leaved 
species. There are also chemical deterrents against herbivory, but the fact that the 
thorns and leaves are the first line of defence could explain why, based on one type 
of defence, the selection could be broadly predicted. Cattle only consumed fine-
leaved species (Acacia) when they were the only green material remaining (see 
figures 4.17 and 4.18), but to a very limited extent. 
5.2. Implications of foraging strategies and diet selection of cattle and goats on 
rangeland management in semi-arid environments. 
5.2.1. Dry season intervention 
By analysing the foraging strategies of cattle and goats, and their respective 
nutritional outcomes, it was confirmed that management interventions should target 
the dry season. The output from the experiments show that there is a limit to which 
animals can counter the effects of extrinsic factors such as low food availability 
dispersed in space, high ambient temperatures and water supplies far from the 
homestead. 
Dry season interventions should be a combination of increased grazing time so that 
the animals may graze before it is hot, and supplying supplementary feeding. 
Existing supplements (stover) are high in roughage, but the limiting nutrient in the 
dry season is protein. This is where browse is important. Different ways of feeding 
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the stover supplement need to be tested so as to determine the way which optimises 
the utilisation of browse. This might involve changing the time of day when animals 
are fed on the supplement. If stover is fed to the animals in the late afternoon, it 
could encourage them to browse during the day, in contrast to the present practice 
where stover is fed in the morning. Cattle suffer more during the dry season than 
goats, and therefore should be priority in any supplementation programme. 
Since animals are able to compensate for the loss of weight in the dry season by 
increasing intake during the wet season (Manyuchi et al., 1991), management can 
take advantage and target key groups of animals depending on the management 
objectives. For example, draught animals as well as pregnant ones could be 
supplemented to maintain optimum performance. Depending on the severity of the 
dry season, not all animals may need to be supplemented. 
5.2.2. Rangeland resource management 
Semi-arid savanna rangelands are complex and considered to be non-equilibrium 
systems whose productivity depends on rainfall and grazing intensity (Tainton et al., 
1996). To manage semi-arid rangelands effectively, the diversity of species and 
heterogeneity in habitats should be maintained. Exploiting the spatio-temporal 
variation in forage availability is a better way of management (Westoby et al., 1989), 
rather than trying to create uniformity, the principle upon which rotational grazing is 
based. 
The work in Bidi and elsewhere (Scoones, 1991) showed the importance of key 
resource areas such as riverine areas, contour bunds and fallow fields. The areas 
with these resources are relatively small compared to the rest of the rangeland, but 
play a pivotal role in the dry season strategy of animals (du Toit, 1995). These need 
to be managed so as to conserve them. Dambos, for example, have a delicate 
hydrology and any excessive utilisation of the dambos or the areas surrounding them 
will result in drying up. Sympathetic management not only supplies green herbage 
but more biomass (Scoones, 1995). Also, research indicates that carrying capacity 
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for livestock is ultimately linked to the availability and fodder quality of the dambo 
resource (Scoones, 1991). In any case, the same amount of food available in patches 
will yield higher intake rates than when it is uniformly and thinly distributed over a 
given area (Laca, 2000), supporting the case for key resource areas. 
Similarly, the experiments at Matopos Research Station were carried out on 
paddocks on a hill. Here, the browse senesced earlier than on low lying areas, and 
was last to get the new flush (pers. obs.). This resulted in a phase where there was 
almost no green browse for the livestock as shown by Barnes' hypothetical model for 
rangelands with high tree densities (Barnes, 1982). Such a situation could be dealt 
with by having low lying and hilly areas in a paddock. Pellew (1983), in his study of 
the giraffe's food resource in the Serengeti, noted that browse production was 
sustained through out the dry season in the valley-bottom woodland type, ensuring 
browse supply all year round. Eland (Taurotragus oryx Pallas) also preferred valley 
sides and slopes in the late-wet and dry seasons (Watson and Owen-Smith, 2000). 
Wallis de Vries (1994) in his study of diet selection of cattle in a landscape mosaic 
also concluded that there are functional connections between landscape systems, and 
keeping them separate creates artificial barriers for large herbivores. The selectivity 
in grazers is also facilitated by large-scale heterogeneity (Laca, 2000), particularly 
for large herbivores such as cattle (Scoones, 1995). On this basis, I would concur 
with Scoones (1991) that survival of livestock requires large areas that have many 
different microhabitats to supply food in the dry season, as well as enhance 
selectivity. So this means that there should be no large scale fencing, but only 
fencing of key resource areas, so that animals will have access (to them) at strategic 
times. 
A diversity of habitats gives the animals an opportunity to enlarge their food niches 
in response to the variation in and environments resources, as observed in kudu in 
South Africa (Owen-Smith, 1994, also see Stuth and Kamau, 1990). 
The selection differences between cattle and goats also raise questions on the 
assumption that all browse species are equally available to both animal species. 
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Evidently, Acacia species (thorny species) is not as available to cattle as it is to goats. 
Further, due to their differences in chemical composition, different browse species 
are not of equal nutritional value to different animal species. Assessment of browse 
should then be based on the animal species that is targeted to forage in a particular 
area. 
5.2.2.1. Management interventions for communal area rangeland 
The observation studies in Bidi showed that browse availability varies with season, 
and that species are not evenly distributed on the rangeland. Secondly, some browse 
species can have many parts which the animals can use as fodder, for example dry 
leaves, flowers, pods or fruit, besides the green leaves. At the same time, some 
species were avoided by cattle (thorny species, such as Acacia). This information 
sets the background for the discussion on possible management interventions to 
mitigate the effects of limited food resources. Since communal area rangelands are 
not fenced, farmers need a different strategy to ensure availability of browse and 
grass during nutritional bottlenecks. Any interventions in communal rangelands 
should be designed to improve fodder production (Campbell et al., 1991). The 
amount and distribution of rainfall, and its effects on primary and secondary 
productivity should be considered so that the appropriate form of management is 
applied (Scoones, 1993; Bourn and Blench, 1999). 
During the course of our observation studies, a parallel project was being done in the 
same area promoting the collection and storage of stover to use in the dry season 
(Ncube, pers. comm.). The advantage of this management practice is that stover can 
be used strategically. However, if the practice is widely adopted, the stover supply 
during the early dry season (eaten in situ) will be very limited. This might mean that 
the farmers start supplementing earlier, and run the risk of finishing the supplement 
before the rains begin. The alternative is not to change when supplementing starts in 
which case the pressure on the range resources will be higher. Therefore, parallel 
efforts have to be made in conserving crop residues as well as enhancing the range 
resources. 
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Widening of the resource base by enhancing species diversity reduces dependence on 
a few species and in the event that a species' browse is wiped out (e.g. Mopane by 
worms), then there are other resources to fall back on (see Scoones, 1990). Hurt 
(1998) also emphasised the need to integrate forage production systems as a part of 
developing fodder flows that will support grazing animals. 
One of the strategies could involve planting desirable tree species along the edges of 
the fields. These could be indigenous species as well as introduced multi-purpose 
trees. Another possibility is to grow trees in fallow lands that are still protected by 
fences. The advantage is that, these areas are protected during the growing season. 
This gives the trees an opportunity to grow before being browsed on. 
Small scale dairy farmers have widely adopted the production of improved forages as 
fodder banks (Sibanda, 1993). Browse species have to be carefully screened to suit 
the conditions of an area. Introduction of agro forestry systems could be another 
approach. But, in all these forage crops, proper evaluation of the labour 
requirements have to be addressed before engaging in these cut and carry systems. 
Enhancing the grass resource by re-introducing perennial species is more complex 
since it involves scarification of the soil, sourcing seeds from other areas and 
protecting the seedlings until they are established; but should be included in a long 
term strategy (see Hurt, 1998). Any of these recommendations should be considered 
at the village level to avoid any conflict on user rights once the resources have been 
established. 
Therefore, a holistic approach is required to develop a sustainable management 
system in the communal area rangelands. This will involve an assessment of the 
socio-economic as well as political environment in which the system has to function. 
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5.2.3. Potential for mixed species grazing in semi-arid environments 
The diet overlap was low in all the situations investigated here. The method used to 
evaluate diet overlap for functional groups considered all the individual species used 
by the cattle and goats (see section 4.2.2.9.5). In which case the low values mean 
that some species were not used at all by one animal species, and that others were 
used by a small proportion of the group (see Appendices 2.2 and 2.3, Figures 4.15, 
4.16, 4.17, 4.33, 4.34, 4.35). It is important to note that diet overlap is not a measure 
of competition. Competition is a combination of diet overlap of different resources 
in relation to their abundance on rangeland, as well as spatial and temporal use of 
resources. In other words, a higher overlap during the wet season when resources are 
relatively more abundant may not imply any competition between the animal species, 
whereas, a similar or smaller value during the peak dry season could result in 
competition. Gordon and Illius (1989) observed that cattle, goats, red deer and ponies 
had their diets overlapping in summer when resources were abundant, but the diets 
were almost exclusive to an animal species in winter when resources were limited. 
This supports the case for mixed species feeding as a way of enhancing resource 
utilisation. Complementarity in mixed species grazing has also been observed with 
cattle and sheep (Abaye et al., 1994). 
The key to the low overlap indices observed was the diversity of species which cattle 
and goats used. There were distinctions between the browse species due to the 
differences in efficiencies on them. Similarly, on grass, goats selected for better 
quality components or species, on which cattle would have very small bite sizes. On 
this basis, there was complimentary relationship in the utilisation of resources and 
thus the rangeland resources were being used more efficiently. 
The animal species, on the basis of their feeding habits, should be balanced in 
numbers and ratios to ensure supply of browse for the dry season (Barnes, 1982, see 
Hardy and Tainton, 1995). 
In communal area rangelands, there are other livestock such as donkeys and sheep. 
These use the same rangeland as the cattle and goats, although their numbers are 
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lower than those of cattle and goats, for a complete evaluation of resource overlap 
and potential competition, these animal species also have to be studied. 
5.3. Can intake parameters (bite size and bite rate) determined under 
controlled conditions be extrapolated to free-ranging studies? 
Table 5.1 shows the bite rates and bite sizes determined under a controlled 
environment (chapter 3) and those from the free-ranging animals in the paddocks 
(chapter 4). The parameters in the controlled experiments were determined over a 
short period of time, with a limited number of bites to avoid satiation. The food 
resources were also abundant and of good quality since they were collected during 
the wet season. In contrast, the free-ranging parameters were a long term average, 
and issues of satiation could affect the bite rates, as well as bite sizes since animals 
tend to be more selective as they reach gut-fill. The free-ranging parameters are also 
an average of more than 20 grass species and more than 30 browse species, unlike 
the controlled, which were based on 8 grass, species and 5 browse species. For cattle 
feeding on browse, the controlled experiment bite rates were lower because they 
were deterred by the presence of thorns, but on range, they selected thornless species 
on which they could have higher bite rates. 
Despite the fact that the methods by which the parameter estimates were made were 
not comparable, they show a similar relationship in terms of the bite rates of cattle 
and goats on browse and grass, but not bite sizes, possibly because of the structure of 
the branches and tufts of grass offered and hunger. So, if intake parameters 
measured under controlled conditions are to be used in free-ranging studies, the 
density, leaf size and distribution have to be closely matched with those on the 
rangeland at the time. This may improve the estimates. In this project, the 
parameters from the controlled experiment were important in coming up with 
hypotheses of the basis upon which plant species were selected, based on the relative 
intake efficiencies, showing the scope of such experiments for determining different 
mechanisms. 
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Table 5.1: The bite rate (number of bites per second) and bite size (milligrams DM) of cattle and goats on browse and grass determined 
from controlled experiments and free-range experiments.(range is given in brackets). 
Plant type 	Animal species Bite rate Bite size 
Controlled Free-range Controlled Free-range 
Wet 1999 Dry 1999 	Dry 2000 Wet 1999 Dry 1999 	Dry 2000 
Browse 	Cattle 	 0.28 * 	 0.53 1001 * 	 9638 
(0.23 —0.34) (0.31 —0.83) (196-2183) (334-16110) 
Goats 	 0.42 0.65 	 0.71 524 390 	 653 
(0.2-0.7) (0.47 —0.78) 	(0.40— 1.10) (203 - 802) (67 - 1106) 	(21 - 5143) 
Grass 	Cattle 	 0.16 
(0.12— 0.17) 
Goats 	 0.15 
(0.12-0.18) 
*fl records 
0.74 0.71 3079 716 671 
(0.60 —0.88) (0.49 - 0.91) (2270-4046) (274 - 1105) (49 - 1719) 
0.77 0.79 1274 158 97 
(0.65 - 0.92) (0.53 - 1.0) (667 - 2084) (62 - 292) - 337) 
5.4. Further research 
The work presented here has shown that the foraging strategies of animals are based 
on conflicting multiple needs under varying constraints. Also, that it is not only the 
biomass of a particular resource that determines the diet selection, but that it is the 
biomass in relation to that of the alternative resource. So how does browse substitute 
grass, considering that they have different nutritional contents? The assessment 
techniques should be improved to evaluate resources in terms of what is used (e.g. 
green, and dead material). Similarly, evaluation of browse should take into account 
the leaves on the older parts of the branch because these might still be available when 
the shoots (twigs with leaf) have been consumed or dried up. 
The communal area work should move a step further into evaluating the nutritional 
contribution of grass, browse and stover so that management interventions can be 
improved. Costs of searching for food need to be determined so that the decisions 
can be evaluated in terms of cost and benefits. The actual contribution to the diet of 
key resource areas and their biomass production should also be determined. Long-
term management strategies need to be developed together with the concerned 
communities within the social and political contexts, to ensure the sustainability of 
the semi-arid grazing systems. 
The basis upon which cattle select browse species have been broadly determined but 
not within the category of broad-leaved species. Further, goats can potentially use all 
browse species, not being limited by plant physical characteristics, except leaf 
density, therefore, on what basis do goats select browse? This could include 
considering the chemical defences as well, since the defenses work together to deter 
herbivory. 
Finally, mixed-species grazing systems have other domestic species of animals on 
the same rangeland. The strategies of these have to be evaluated to correctly 
determine the possibilities of competition. For example, sheep are probably more 
likely to have a higher overlap with goats compared with cattle. 
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Appendix 2.1: Checklist for informal survey in Bidi village. 
Checklist for informal survey in Bidi. 
-Types of livestock and, their numbers. 
- Animal species which use browse. 
- Management of animals by season - kraaling, communal or single household herding. 
- Types of browse species and abundance of each. 
- Location of browse from homestead and watering points. 
- Importance of each browse species and importance during the year. 
- Preferred form - green, dry, pods, bark. 
- Contribution to diet and changes during the year and the types of changes; this includes the 
performance of the animals. 
- Other uses of the browse - e.g. firewood, fencing, roofing etc. and how these affect availability of 
browse. 
- Differences between years - very wet year, drought year, and normal year. Also, sizes of trees and 
I. 
	
how they are utilised e.g. lopping. Is browse fed, ifso in what form ? Collection of browse for 
feeding- how is this done? 
- Other feed resources- e.g. grass, stover, supplement and their contribution to diet. 
- Relationship between other feeds and browse. 
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Appendix 2.4: Schematic diagram of the location of areas where tree density 
assessments were done in Bidi (not to scale). 
Appendix 3.1: Summary of Order of feeding cattle and goats on browse. 




Order Of Cattle 
Day  AK GOAT 1 88 
GM 2 159 
4 160 
5 162 
Day 2 ZM CATTLE 2 159 
SV 4 160 
5 162 
1 88 
Day  DC GOAT 4 160 
jp 5 162 
1 88 
2 159 
Day 4 AG CATTLE 5 162 
CA 1 88 
2 159 
4 160 
Day 5 DC GOAT 1 88 
SV 2 159 
4 160 
5 162 
Day 6 ZM CATTLE 2 159 
RP 4 160 
5 162 
1 88 
Day  AG GOAT 4 160 
GM 5 162 
1 88 
2 159 
Day  AK CATTLE 5 162 
CA 1 88 
2 159 
4 160 
Appendix 3.1 continued!..: Summary of Order of feeding cattle and goats on browse. 
Date 	 Browse Spp 	Animal Species To Be 	Order Of 	Order Of Cattle 
Fed First 	 Goats 
Day  DC GOAT 1 88 
CA 2 159 
4 160 
5 162 
Day 10 AG CATTLE 2 159 
RP 4 160 
5 162 
1 88 
Day!! AK GOAT 4 160 
SV 5 162 
1 88 
2 159 
Day 12 ZM CATTLE 5 162 
GM 1 88 
2 159 
4 160 
Day 13 ZM GOAT 1 88 
CA 2 159 
4 160 
5 162 
Day 14 AG CATTLE 2 159 
SV 4 160 
5 162 
1 88 
Day 15 DC GOAT 4 160 
GM 5 162 
1 88 
2 159 
Day 16 AK CATTLE 5 162 
RP 1 88 
2 159 
4 160 
Appendix 3.2: Order of feeding grass species and the order of treatments within animal species (C - cattle, G - goats). 



























29/3 1 2 C 5 U NS PM NS CV NS CP C HC NS 
29/3 1 5 C 2 PM C CP NS U C HC C CV NS 
30/3 1 7 C 4 CV C HC NS CP C U NS PM C 
30/3 1 12 C 1 CP NS CV NS HC C PM NS U C 
29/3 1 530 G 3 HC NS U C CV C PM NS CP NS 
29/3 1 516 G 2 PM C CP C U C HC C CV NS 
30/3 1 511 G 1 CP NS CV C HC NS PM C U NS 
30/3 1 509 G 4 CV NS HC C CP C U NS PM NS 
31/3 2 2 C 4 CV C HC NS CP C U NS PM C 
31/3 2 12 C 5 U C PM NS CV NS CP NS HC C 
1/4. 2 7 C 2 PM NS CP C U NS HC C CV NS 
1/4. 2 5 C 1 CP NS CV C HC NS PM C U C 
- 	 U 	 U 	 V 
Appendix 3.2 Continuedl..: Order of feeding grass species and the order of treatments within animal species (C - cattle, G - goats). 
Date 	REP 	ANNO 	ANSPP 	COMB 	GRASS 	TRT GRASS 	TRT GRASS 	TRT GRASS 	TRT GRASS 	TRT 
NO 	1 	offered 2 	offered 3 	offered 4 	offered 5 	offered 
FIRST FIRST FIRST FIRST FIRST 
31/3 2 509 G -- 3 HC NS 
31/3 2 530 G 5 Ti' NS 
1/4 2 516 G 5 IT C 
1/4 2 511 G 2 PM C 
2/4 3 7 C 5 TI' (C) 
2/4 3 2 C 1 CP NS 
3/4 3 12 C 2 PM C 
3/4 3 5 C 3 HC C 
2/4 3 511 G 3 HC C 
2/4 3 530 G 2 PM C 
3/4 3 509 G 5 IT NS 
3/4 3 516 G 4 CV NS 
IT C CV NS 
PM NS CV C 
PM NS CV C 
CP C IT NS 
PM C CV C 
CV NS HC C 
CP C IT NS 
IT (NS) CV NS 
IT C CV C 
CP (NS) IT (C) 
PM NS CV C 
BC NS CP (C) 
PM C CP NS 
CP C HC C 
CP NS HC C 
HC NS CV NS 
CP (NS) HC NS 
PM NS IT C 
HC NS CV C 
PM NS CP (C) 
PM NS CP NS 
HC NS CV NS 
CP C HC C 
IT (NS) PM C 
Appendix 3.2 Continued/ ... : Order of feeding grass species and the order of treatments within animal species (C - cattle, 0 - goats). 
Date REP ANNO ANSPP COMB GRASS I TRT GRASS 2 TRT GRASS 3 	TRT GRASS 4 TRT GRASS 5 TRT 
NO offered offered offered offered offered 
FIRST FIRST FIRST FIRST FIRST 
4/4 4 5 C 5 U C PM C CV C CP NS HC NS 
4/4 4 12 C 3 HC C U (C) CV NS PM NS CP (NS) 
5/4 4 2 C 2 PM C CP C U NS HC NS CV C 
5/4 4 7 C 3 HC C U (NS) CV NS PM NS CP (C) 
4/4 4 516 G 2 HC C U C CV C PM NS CP NS 
4/4 4 511 G 5 U NS PM C CV NS CP C HC NS 
5/4 4 530 G 4 CV C HC C CP C U NS PM NS 
5/4 4 509 G 1 CP NS CV NS HC NS PM C U C 
6/4 5 12 C 4 CV C HC NS CP C U NS PM C 
6/4 5 7 C 1 CP NS CV (C) HC (NS) PM (C) U C 
7/4 5 5 C 4 CV (NS) HC (C) CP C U NS PM (NS) 
7/4 5 2 C 3 HC C U C CV NS PM NS CP NS 
6/4 5 511 G 4 CV C HC C CP NS U C PM NS 
6/4 5 530 G 1 CP (NS) CV NS HC NS PM C U (C) 
7/4 5 509 G 2 PM NS CP (C) U (NS) HC C CV C 
7/4 5 516 G 1 CP C CV NS HC NS PM C U NS 
Chapter 2: Foraging behaviour of free-ranging cattle and goats on communal area rangeland. 
2.4.2. Density of Mopane, Combretum and Acacia species in Bidi 
Fixed term Wald statistic df Waldldf Denominator df P - value 
Species 155.8 2 77.900 40 <0.001 
Height class 28.7 4 7.175  <0.001 
Area 19.6 5 3.920  0.006 
Species.Height class 51.4 8 6.425  <0.001 
Species Area 51.5 10 5.150  <0.001 
Height class.Area 28.6 20 1.430  0.165 
2.4.3.1. Activity patterns 
Proportion of time spent feeding 
Fixed term Wald statistic df Wald/df Denominator df P - value 
Season 4.5 3 1.5 12 0.3 
Animal species 2.6 1 2.6  0.1 
Season.Animal species 0.3 3 0.1  0.96 
Proportion of time spent walking 
Fixed term Wald statistic df Waldldf Denominator df P - value 
Season 32.5 3 10.83 24 <001 
Animal species 2.6 1 7.17  0.01 
Season.Ammal species 21.5 3 6.37  0.008 
2.4.3.2. Relationship between time spent browsing and time spent grazing 
Fixed term Wald statistic df Wald/df Denominator df P - value 
Animal species 391.6 1 391.6 21.52 0.001 
Season 90.8 3 30.27  <0.001 
Season.Animal species 34.8 3 11.6  <0.001 
2.4.3.3. Grass species utilised 
Aristida barbicollis 
Fixed term Wald statistic df Waldldf Denominator df P - value 
Season 15.2 3 5.07 8.24 0.03 
Animal species 0.3 1 0.30  0.60 
Season.Animal species 24.8 3 8.27  0.008 
Cynodon dactylon 
Fixed term Wald statistic df Wald/df Denominator df P - value 
Season 3.2 3 1.07 8.21 0.4 
Animal species 2.0 1 2.0  0.2 
Season.Ammal species 9.6 3 3.2  0.08 
Eragrostis rigidior 
Fixed term Wald statistic df Wald/df Denominator df P - value 
Season 30.6 3 10.2 8.31 0.004 
Animal species 3.9 1 3.9  0.08 
Season.Animal species 23.7 3 7.9  0.009 
Grass species: Aristida barbicollis ratio 
Fixed term Wald statistic df Waldldf Denominator df P - value 
Season 27.6 3 9.2 25.37 <0.001 
Grass species 2.0 1 2.0  
Season.Animal species 67.9 4 16.98  <0.001 
Season.Grass species 4.6 3 1.5  
Season.Animal spp.Grass 2.2 4 
spp  
0.55 
Diameter of clip for Mopane 
Fixed term Wald statistic I df Waldldf Denominator df P - value 
Animal species 12.62 1 	1 1 	12.62 77 <0.001 
Chapter 3: Browse and grass intake experiment 
3.3.1. Browse intake experiment 
3.3.1.1. Crude protein in browse leaves 




Browse spp 250.61 7 35.8 39 <0.001 
Animal spp 0.01 1 0.01  0.91 
Browse spp.Ammal spp 10.73 7 1.53  0.15 
Neutral detergent fibre in browse leaves 




Browse species 150.26 7 21.47 38 <0.001 
Animal species 0.74 1 0.74  0.389 
Browse species.Ammal species 5.66 7 0.81  0.580 
Acid detergent fibre in browse leaves 




Browse species 123.36 7 17.62 39 <0.001 
Animal species 0 1 0  0.986 
Browse species.Ammal species 4.69 7 0.67  0.698 
Lignin in browse leaves 




Browse species 188.22 7 26.89 39 <0.001 
Animal species 0 1 0  0.953 
Browse species.Animal species 3.96 7 0.57  0.784 
Crude protein in browse twigs 




Browse spp 100.63 6 16.77 66 <0.001 
Animal spp 1.34 1 1.34  0.247 
Browse spp.Animal spp 5.52 5 1.10  0.356 
Neutral detergent fibre in browse twigs 




Browse species 93.10 6 15.52 41 <0.001 
Animal species 4.43 1 4.43  0.035 
Browse species.Animal species 2.09 3 2.09  0.555 
Acid detergent fibre in browse twigs 




Browse species 3.74 5 0.75 28 0.5 87 
Animal species 0.38 1 0.38  0.538 
Browse spp.Animal spp 3.19 3 1.06  0.364 
Lignin in browse twigs 




Browse spp 192.03 5 38.41 28 <0.001 
Animal spp 0.13 1 0.13  0.714 
Browse spp.Animal spp 6.74 3 2.25  0.081 
3.3.1.1.2. Browse characteristics 
Leaf size 




Browse spp 193.49 7 27.64 389 1 <0.001 
Thorn length 




Browse spp 128.79 5 25.76 49 <0.001 
3.3.1.2. Bite size on browse species 




Browse spp 394.8 7 56.04 494.03 <0.001 
Animal species 27.9 1 27.9  <0.001 
Treatment 31.9 2 15.8  <0.001 
Animal spp.Browse spp 50.9 7 7.3  0.00171  
3.3.1.3. Bite rate of browse species 




Browse spp 169.9 7 24.27 609.29 <0.001 
Animal species 23.1 1 23.1  <0.001 
Treatment 7.5 2 3.75  0.02 
Animal spp.Browse spp 125.9 7 17.99  <0.001 
Animal spp.Treatment 5.6 2 2.8  0.06 
3.3.1.4. Intake rate per metabolic body weight 




Animal spp 319.5 1 319.5 599.58 <0.001 
Browse spp 113.7 7 16.26  <0.001 
Treatment 40.8 2 20.4  <0.001 
Animal spp.Browse spp 117.9 7 16.84  <0.001 
Animal spp.Treatment 13.2 2 6.6  0.001 
Species order 5.6 1 1 	5.6 1 0.02 
3.3.1.5. Functional response analsysis 
3.3.1.5.1. Cattle 




Bite size 17.76 1 17.76 227.41 <0.001 
Treatment 22.37 2 11.18  <0.001 
Browse spp 18.73 7 2.68  0.009 
Code for terminating exp 57.35 2 28.68  <0.001 
Browse spp.Treatment 25.38 12 2.11  0.013 
3.3.1.5.2. Goats 




Bite size 501.30 1 501.30 272.57 J <0.001 
Browse spp 246.22 7 35.17 J < 0.001 
3.3.1.6. Chewing effort 




Animal spp 39.8 1 39.8 495.83 <0.001 
Browse spp 100.2 7 14.3  <0.001 
Treatment 22.3 2 11.15  0.01 
Animal spp.Browse spp 77.5 7 11.07  <0.001 
3.3.2. Grass intake experiment 
3.3.2.1. Quality of grass offered 
Neutral detergent fibre in grass 




Grass spp 36.4 4 9.10 36 <0.001 
Treatment 12.4 1 12.40  0.001 
Grass spp.Treatment 49.7 4 12.43  <0.001 
Acid detergent fibre in grass 




Grass spp 232.2 4 58.05 36 <0.001 
Treatment 6.5 1 6.50  0.015 
Grass spp.Treatment 38.3 4 9.58  <0.001 
Lignin in grass 




Grass spp 50.20 4 12.55 36 <0.001 
Treatment 2.50 1 2.5  0.1 
Grass spp.Treatment 1.025 4 1.025  0.4 
3.3.2.2. Bite size 




Dry matter offered 586.3 1 586.3 343.92 <0.001 
Animal spp 85.3 1 85.3  <0.001 
Treatment 5.2 1 5.2  0.02 
Grass spp 8.0 4 2.0  0.09 
Animal spp.Treatment 9.8 1 9.80 0.002 
Animal spp.Grass spp 31.8 4 7.95  <0.001 
3.3.2.3. Bite rate 




Bite size 27.22 1 27.22 320.06 <0.001 
Grass spp 66.07 4 16.52  <0.001 
Treatment 5.15 1 5.15  0.02 
Animal spp 21.50 1 21.50  <0.001 
Animal spp.Grass spp 17.49 4 4.37  0.002 
Animal spp.Treatment 0.45 1 0.45  0.5 
Animal spp.Grass spp.Treatment 6.76 8 0.85  0.6 
3.3.2.4. Intake rate per metabolic body weight 
Fixed term Wald 
statistic 




Dry matter offered 234.3 1 234.3 363 <0.001 
Animal spp 149.4 1 149.4  <0.001 
Treatment 2.3 1 2.3  0.13 
Grass spp 5.3 4 1.33  0.26 
Animal spp.Grass spp 36.5 4 9.13  <0.001 
Animal spp.Treatment 2.5 1 2.5  NS 
Animal spp.Treatment.Grass species 16.2 8  0.05 
3.3.2.5. Functional response 
3.3.2.5.1. Cattle 
Fixed term Wald 
statistic 
d.f. WaldId.f. Effective 
 d. f. 
Chi-square 
probability 
Bite size 48.59 1 48.59 107.18 <0.001 
Grass spp 42.52 4 10.63  <0.001 
Grass spp.Treatment 11.94 5 2.39  0.04 
3.3.2.5.2. Goats 
Fixed term Wald 
statistic 




Bite size 23.90 1 23.90 117.09 <0.001 
Grass spp 17.64 4 4.41  0.001 
3.3.2.6. Chewing effort 
Fixed term Wald 
statistic 




Bite size 3450.1 1 3450.1 352 <0.001 
Animal spp 632.0 1 632.0  <0.001 
Grass spp 26.1 4 6.53  <0.001 
treatment order 9.7 1 9.7  0.002 
Treatment 0.6 1 0.6  0.44 
Animal spp . Treatment 4.9 1 4.9  0.03 
Animal spp.Grass spp 16.5 4 4.13  
Animal spp.Grass spp.Treatment 19.2 8 2.4  0.001 
3.3.2.7.1. Bite depth of leaf 
Fixed term Wald 
statistic 




Leaf length before eating 205.9 1 205.9 320.19 <0.001 
Grass spp 85.0 4 21.25  <0.001 
Animal spp 6.8 1 6.8  0.001 
Treatment 0.8 1 0.8  0.37 
Animal spp.Grass spp 8.5 4 2.12  
Animal spp.Treatment 1.4 1 1.4  
Animal spp.Grass spp.Treatment 16.2 8 2.025  0.04 
3.3.2.7.2. Bite depth of stem 
Fixed term Wald 
statistic 




Stem length before eating 977.5 1 977.5 266.94 <0.001 
Grass spp 205.5 4 51.4  <0.001 
time of day 4.7 1 4.7  0.03 
Animal spp 4.0 1 4.0  0.05 
Treatment 0.2 1 0.2  
Animal spp.Grass spp 6.1 4 
Animal spp.Treatment 1.1 1 1.1  
Animal spp.Grass spp.Treatment 9.3 4 
Selection of plant parts during feeding 
Fixed term Wald 
statistic 
d.f. Wald/d.f. Effective 
 d. f. 
Chi-square 
probability 
Proportion of leaf offered (Prop) 652.61 1 652.61 241.07 <0.001 
Grass spp 197.08 4 49.27  <0.001 
Treatment 17.54 1 17.54  <0.001 
Animal spp 1.09 1 1.09  0.30 
Prop.Grass spp 55.26 4 13.82  <0.001 
Animal spp.Treatment 3.27 1 3.27  0.07 
Animal spp.Grass spp 4.65 4 1.16  0.33 
Animal spp.Prop.Treatment 2.06 2 1.03  0.36 
Animal spp.Prop.Grass spp 4.46 4 1.12  0.35 
Animal spp.Grass spp.Treatment 2.63 4 0.66  0.62 
3.3.2.8. Selection of leaf on individual grass species (estimation of RSSm1 and RSSm2) 
Cymbopogon plurinodis - RSSm1 
Fixed term Wald 
statistic 
d. f. WaldJd.f. Chi-square 
probability 
Replicate 0.04 4 0.01 1 
Animal spp 1.17 1 1.17 0.28 
Cymbopogon plurinodis - RSSm2 
Fixed term Wald 
statistic 
d.f. Waldld.f. Chi-square 
 probability 
Proportion of leaf offered 198.89 1 198.89 <0.001 
Replicate 0.04 4 0.01 1 
Animal spp 1.17 1 1.17 0.28 
Chioris virgata - RSSm1 
Fixed term Wald 
statistic 
d.f. Wald/d.f. Chi-square 
 probability 
Treatment 4.36 1 4.36 0.04 
Replicate 5.81 4 1.45 0.21 
Animal spp 0.13 1 0.13 0.72 
Chioris virgata - RSSm2 
Fixed term Wald 
statistic 
d.f. WaldJd.f. Chi-square 
 probability 
Proportion of leaf offered 145.35 1 145.35 <0.001 
Treatment 2.81 1 2.81 0.093 
Replicate 5.81 4 1.45 0.214 
Animal spp 0.13 1 0.13 0.717 
Heteropogon contortus - RSSm1 
Fixed term Wald 
statistic 
d.f. WaldId.f. Chi-square 
 probability 
Treatment 2.08 1 2.08 0.14 
Replicate 2.56 4 0.64 0.63 
Animal spp 0.14 1 0.14 0.71 
Heteropogon contortus - RSSm2 
Fixed term Wald 
statistic 
d.f. Waldld.f. Chi-square 
probability 
Proportion of leaf offered 120.67 1 120.67 <0.001 
Treatment 2.79 1 2.79 0.095 
Replicate 2.36 4 0.59 0.67 
Animal spp 0.20 1 0.20 0.66 
Pamcum maximum - RSSm1 
Fixed term Wald 
statistic 
d.f. WaldJd.f. Chi-square 
 probability 
Treatment 0.98 1 0.98 0.386 
Replicate 2.18 4 0.55 0.697 
Animal spp 0.75 1 0.77 0.380 
Panicum maximum - RSSm2 
Fixed term Wald 
statistic 
d.f. Waldld.f. Chi-square 
 probability 
Proportion of leaf offered 11.26 1 11.26 <0.001 
Treatment 2.42 1 2.42 0.12 
Replicate 1.44 4 0.36 0.84 
Ammalspp 3.57 1 3.57 0.059 
Themeda triandra - RSSm1 
Fixed term Wald 
statistic 
d.f. WaldJd.f. Chi-square 
 probability 
Replicate 1.39 4 0.35 0.85 
Animal spp 0.31 1 0.31 0.58 
Themeda triandra - RSSm2 
Fixed term Wald 
statistic 
d.f. WaldJd.f. Chi-square 
 probability 
Proportion of leaf offered 116.03 1 116.03 <0.001 
Replicate 1.19 4 0.30 0.88 
Animal spp 0.27 1 0.27 0.60 
CHAPTER 4: Foraging strategies of cattle and goats under different browse and grass regimes. 
EXPERIMENT 1- 1999 
4.3.1.1. Grass biomass analysis 
Fixed term Wald 
statistic 
d.f. Wald/d.f. Effective 
 d. f. 
Chi-square 
probability 
Season 29.78 1 29.78 83 <0.001 
Assessment number (assno) 6.10 1 6.10  0.014 
Section 9.58 6 1.60  0.144 
trt 2.62 2 1.31  0.270 
Season.assno 8.82 1 8.82  0.003 
Assno.trt 5.51 2 2.75  0.064 
Assno.section 8.59 6 1.43  0.198 
Season.section 5.16 6 0.86  0.524 
Section.trt 11.16 12 0.93  0.515 
Season.trt 1.83 2 0.91  0.401 
Season. section. trt 26.56 12 2.21 0.009 
Season.assno.trt 5.52 2 2.76  0.063 
Season.assno.section 6.58 6 1.10 0.361 
Assno. section. trt 8.97 12 0.75 0.705 
Grass leaf to stem ratio 
Fixed term Wald 
statistic 
d.f. Wald/d.f. Effective 
 d. f. 
Chi-square 
probability 
Grass species 38.11 5 7.62 335.33 <0.001 
Section 14.50 6 2.42  0.025 
Season 0.14 1 0.14  0.705 
Trt 0.92 2 0.46  0.631 
Season.grass spp.trt 24.51 27 0.91  0.602 
4.3.1.2. Browse biomass analysis 
Fixed term Wald 
statistic 




Season 650.4 1 650.4 568 <0.001 
Htclass 587.5 3 195.83  <0.001 
Assessno 9.7 1 9.7  0.002 
Section 20.1 6 3.35  0.003 
Trt 0.2 1 0.2  0.7 
Season.htclass 79.4 3 26.47  <0.001 
Season.trt 10.1 1 10.1  0.002 
Htclass.trt 55.2 6 9.2  <0.001 
Season.assessno 7.5 1 7.5  0.006 
Season.section 14.7 6 2.45  0.02 
Season. htclass.trt 22.1 6 3.68  0.001 
4.3.1.4. 1. Activity patterns of cattle and goats 
4.3.1.4.1.1. Feeding 
Fixed term Wald 
statistic 




Season 81.91 1 81.91 119.23 <0.001 
Animal species 6.68 1 6.68  0.01 
Trt 0.59 2 0.29  0.746 
Animal species.season 7.70 1 7.70  0.006 
Season.trt 3.08 2 1.54  0.214 
Animal species.trt 1.81 2 0.91  0.404 
Animal specie.season.trt 3.60 2 1.80  0.165 
4.3.1.4.1.2. Walking 
Fixed term Wald 
statistic 




Animal species 63.50 1 63.50 278 <0.001 
Season 2.87 1 2.87  0.090 
Trt 1.84 2 0.92  0.399 
Animal species.season 0.31 1 0.31  0.576 
Animal species.trt 0.06 2 0.03  0.971 
Season.trt 3.77 2 1.89  0.152 
4.3.1.4.1.3. Ruminating 
Fixed term Wald 
statistic 




Season 4.11 1 4.11 264.79 0.043 
Trt 0.02 2 0.01  0.989 
Animal species 1.89 1 1.89  0.169 
Animal spp.season 4.59 1 4.59  0.032 
Animal species.trt 1.37 2 0.69  0.503 
Season.trt 0.66 2 0.33  0.721 
Animal species.season.trt 0.82 2 0.41  0.664 
4.3.1.4.1.4. Other activities 
Fixed term Wald 
statistic 




Animal species 7.42 1 7.42 264.88 0.006 
Season 5.18 1 5.18  0.023 
Trt 0.49 2 0.24  0.784 
Season.trt 0.42 2 0.21  0.809 
Animal species.trt 0.04 2 0.02  0.979 
Animal species.season.trt 0.06 3 0.02  0.996 
4.3.1.4.2. Relationship between browsing and grazing 
Fixed term Wald 
statistic 




Animal species 894 1 894 104.31 <0.001 
Season 237.6 1 237.6  <0.001 
Trt 2.3 2 1.15  0.32 
Animal species.trt 29.0 2 14.5  0.001 
Season.trt 46.3 2 23.15  <0.001 
Animal species.season 13.3 1 13.3  <0.005 
Animal species.season.trt 17.2 2 8.6  
4.3.1.5. Bite rate on grass 
Fixed term Wald 
statistic 




Animal species 3.29 1 3.29 40 0.070 
Trt 0.40 2 0.20  0.818 
Animal species.trt 7.37 2 3.69  0.025 
4.3.1.6. Daily Intake 
Fixed term Wald 
statistic 




Digestibility 4.1 1 4.1 110.03 0.045 
Animal species 3458.0 1 3458  <0.001 
Capsule or pellet 19.2 1 19.2  <0.001 
Season 8.8 1 8.8  0.0037 
Trt 0.9 2 0.45  0.64 
Digestibility.animal species 22.4 1 22.4  <0.001 
4.3.1.7. Diet di2estibilitv 
Fixed term Wald 
statistic 




Animal species 19.6 1 19.6 107.27 <0.001 
Trt 9.7 2 4.85  0.01 
Season 0.1 1 0.1  0.75 
Season.trt 24.1 2 12.05  <0.001 
Animal species.season 4.6 1 4.6  0.03 
Animal species.trt 0.3 2 0.15 NS 
Animal species.season.trt 5.3 2 2.65  NS 
4.3.1.8.1. Diet composition and species selection 
- Grass 
Fixed term Wald 
statistic 




Animal species 6.02 1 6.02 57.39 0.014 
Trt 0.65 2 0.33  0.723 
Animal species.trt 0.92 2 0.46  0.631 
[II 
Browse 
Fixed term Wald 
statistic 




Animal species 8.14 1 8.14 59.26 0.004 
Trt 0.18 2 0.09  0.916 
Animal species.trt 2.48 2 1.24  0.289 
EXPERIMENT 2-2000 
4.3.2.1.1. Basal cover 
Fixed term Wald 
statistic 




Section 6.2 6 1.03 21 0.43 
Trt 7.4 2 3.70  0.042 
Section.trt 3.0 12 0.25  0.99 
4.3.2.1.2. Grass biomass 
Fixed term Wald 
statistic 




Assessno 338.1 2 169.05 66 <0.001 
Trt 32.9 2 16.45  <0.001 
Section 6.4 6 1.067  0.39 
Asessno.trt 37.0 4 9.25  <0.001 
Section.trt 26.3 12 2.19  0.02 
Section.assessno 19.7 12 1.64  0.101 
4.3.2.2.1. Density of trees 
Fixed term Wald 
statistic 




Plant species 160.33 8 20.04 27 <0.001 
Trt 1.38 2 0.69  0.502 
Plant species.trt 8.37 16 0.54  0.926 
4.3.2.2.2. Browse biomass 
Fixed term Wald 
statistic 




Assessno 672.7 2 336.35 399 <0.001 
Htclass 64.7 3 21.567  <0.001 
Trt 6.3 2 3.15  0.04 
Section 2.5 6 0.417  0.87 
Asses sno.htclass 68.2 6 11.366  <0.001 
Assessno.trt 13.4 4 3.35  0.01 
Htclass.trt 1.5 6 0.25  0.96 
Section.asessno 26.7 12 2.23  0.01 
Section.htclass 13.7 18 0.761  0.75 
Asses sno.htc lass. trt 6.6 12 055  0.88 
4.3.2.4. 1. Activity patterns of cattle and goats 
Feeding 
Fixed term Wald 
statistic 




Animal species 76.41 1 76.41 91.25 <0.001 
Observation period (Obsno) 0.01 1 0.01  0.928 
Trt 0.16 2 0.08  0.921 
Animal species.trt 11.63 2 5.82  0.003 
Animal species.obsno 6.61 1 6.61  0.01 
Obsno.trt 1.30 2 0.65  0.522 
Animal species.obsno.trt 1.08 2 0.54  0.583 
Ruminating 
Fixed term Wald 
statistic 




Obsno 8.17 1 8.17 68.68 0.004 
Animal species 0.15 1 0.15  0.695 
Trt 0.66 2 0.33  0.717 
Obsno.trt 24.83 2 12.41  <0.001 
Animal spp.trt 5.83 2 2.92  0.054 
Animal species. obsno.trt 4.77 3 1.59  0.189 
Other activities 
Fixed term Wald 
statistic 




Animal species 107.06 1 107.06 96.38 <0.001 
Obsno 0.54 1 0.54  0.464 
Trt 0.17 2 0.09  0.917 
Obsno.trt 7.55 2 3.77  0.023 
Animal species.trt 5.15 2 2.58  0.076 
Animal species.obsno 0.72 1 0.72  0.396 
Animal species.obsno.trt 3.72 2 1.91  0.148 
4.3.2.4.2. Relationship between browsing and grazing 
Fixed term Wald 
statistic 




Animal species 165.8 1 165.8 100 <0.001 
Trt 14.3 2 7.15  0.001 
Obsno 6.3 1 6.3  0.014 
Animal species.trt 15.2 2 7.6  0.001 
Animal species.obsno 4.1 1 4.1  0.046 
Trt.obsno 0.7 2 0.35  0.706 
Animal species. trt.obsno 3.6 2 1.8  0.171 
4.3.2.5. Bite rate on grass 
Fixed term Wald 
statistic 




Animal species 11.28 1 11.28 42.21 <0.001 
Obsno 3.63 1 3.63  0.057 
Trt 0.60 2 0.30  0.74 
Animal species.obsno 6.88 1 6.88  0.009 
Animal species.trt 16.87 2 8.44  <0.001 
Obsno.trt 5.47 2 2.73  0.065 
Animal species.obsno.trt 7.32 2 3.69  0.025 
4.3.2.6. Daily intake 
Fixed term Wald 
statistic 
d.f. WaldJd.f. Effective 
 d. f. 
Chi-square 
probability 
Digestibility 36.2 1 36.2 100 <0.001 
Animal species 3285 1 3285  <0.001 
Trt 10.3 2 5.15  0.007 
Obsno 0.4 1 0.4  0.529 
Animal species. digestibility 6.4 1 6.4  0.013 
Animal species.obsno 4.8 1 4.8  0.031 
Digestibility.obsno 2.1 1 2.1  0.150 
Animal species.digestibility.trt 20.4 4 5.1  0.0009 
4.3.2.7. Digestibility 
Fixed term Wald 
statistic 




Animal species 11.8 1 11.8 101 <0.001 
Trt 6.4 2 3.2  0.045 
Obsno 0.8 1 0.8  0.373 
Animal species.trt 7.8 2 3.9  0.023 
Animal species.obsno 0.1 1 0.1  0.753 
Trt.obsno 0.6 2 0.3  0.742 
Animal species.trt.obsno 4.2 2 2.1  0.128 
4.3.2.8.1. Diet composition 
Grass 
Fixed term Wald 
statistic 
d.f. WaldJd.f. Effective 
 d. f. 
Chi-square 
probability 
Animal species 20.04 1 20.04 96 <0.001 
Obsno 3.59 1 3.59  0.058 
Trt 1.66 2 0.83  0.436 
Animal species.trt 4.38 2 2.19  0.112 
Animal species.obsno 1.02 1 1.02  0312 
Browse 
Fixed term Wald 
statistic 




Animal species 20.04 1 20.04 96 <0.001 
Obsno 3.59 1 3.59  0.058 
Trt 1.66 2 0.83  0.436 
Animal species.trt 4.38 2 2.19  0.112 
Animal species.obsno 1.02 1 1.02  0.312 
